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This paper concerns effects of early 
handling on viability of the albino rat. 
The relation of early experience, par- 
ticularly handling, to the response to 
stress will be considered first; then neu- 
rophysiological mechanisms mediating 
the observed effects of handling on via- 
bility of the rat will be explored. 

Experiments by Selye (60, 61) in 
1936 showed that a wide variety of 
noxious agents and stimuli—e.g., poi- 
sons, ionizing radiation, extreme cold, 
excessive exercise, surgical injury, and 
emotional excitement—produce a non- 
specific, systemic response in the verte- 
brate organism. This adaptive response 
involves release of adrenocorticotrophic 
hormone (ACTH) from the anterior 
pituitary, and consequent release of ad- 
renal cortical hormones, such as corti- 





1This material is based, in part, on a re- 
port to the National Research Council of Can- 
ada, Jan. 3, 1953, and on a paper subsequently 
presented to the Canadian Psychological As- 
sociation, May 28, 1953, at Kingston, Ontario 
Related research at the University of Toronto 
was made possible by Grant A.P. 20 from the 
National Research Council of Canada to the 
writer, 1952-1954, and by the friendly and 
continued support of E. A. Bott, Head, De- 
partment of Psychology, University of To- 
ronto. Preparation of this paper was made 
possible by a grant from the Research in Hu- 
manities Fund of the University of Toronto. 


sone and 17-hydroxycorticosterone, into 
the blood stream. The general effect 
of these adrenocortical hormones is to 
maintain blood pressure and blood-sugar 
levels, thus counteracting shock effects 
in injury and trauma. These hormones 
stimulate metabolism at the cellular 
level * and, in general, their end-effects 
are protein catabolic, involving break- 
down of protein into glucose. 

There appears to be general agree- 
ment in 1958 that almost any type of 
disturbing stimulus induces a pituitary- 
adrenal response to stress in the rat, 
and that this reaction is essential to pre- 
serving the animdl’s metabolic and cir- 
culatory integrity under stress, as Engel 
stated in-1953 (14). 

The work of Selye (60) at Montreal 
has indicated that prolonged stress, like 
cold or excessive exercise, will lead to 
degenerative renal and cardiovascular 
changes in the rat and, if sufficiently 
prolonged, to the subsequent death of 
the animal. A number of studies in the 


2A stress not encountered in nature is oxy- 
gen at high pressure. Under this stress, pres- 
ence of the adrenals is detrimental to survival 
of the rat (17). These and similar experi- 
ments (3, 16) suggest that the normal action 
of the adrenal cortex is to enhance metabolic 
processes, particularly oxidation, at the cellu- 
lar level. 
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United States have, however, suggested 
that there are marked effects of early 
individual attention, including handling 
and petting, on growth and survival of 
the albino rat. 

Hammett (23) in 1922 found that 
rats stroked or petted were much more 
likely to survive an operation for re- 
moval of the parathyroid gland than 
those that had not been handled. Bern- 
stein (4) reported in 1952 that handled 


rats gained more weight than unhandled - 


controls, and also learned mazes faster 
and with fewer errors. 

These and other considerations sug- 
gested the hypothesis that early-handled 
rats would be better able to withstand 
severe stress than nonhandled controls. 
This hypothesis was tested in a series 
of experiments at the University of To- 
ronto under the writer’s direction. 

Handling and viability. This research 
has shown that early handling of the 
albino rat increases viability under stress 
as an adult (7). Weininger, in two in- 
dependent experiments (68, 69), found 
that early-handled rats, subjected to 48 
hours of immobilization and food and 
water deprivation as adults, sustained 
less heart and gastrointestinal damage 
than unhandled controls. Long (7) 
found that early-handled rats survived 
complete food and water deprivation as 
adults 53.8 hours longer than matched 
controls, thus confirming the results of 
an earlier pilot study (67) by Wein- 
inger. In general, early-handled ani- 
mals showed less emotional reactivity to 
a strange environment, and their adre- 
nals did not become hyperreactive un- 
der stress (69). These results suggest 
that early handling raises the threshold 
for the pituitary-adrenal response to 
stress. 

In the Toronto studies, early handling 
involved holding the rat loosely in the 
left hand against the experimenter’s 
chest and stroking the rat “with the 
grain,” head to tail, for 10 minutes a 
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day, a slight modification of the method 
originally developed by Bernstein (5). 
For convenience through the remainder 
of this paper, this general method will 
be referred to as “Type I” handling. In 
the Toronto studies, handling was car- 
ried on for 21 days after weaning (age 
21 days). 

These findings have been in part con- 
firmed by subsequent experimental work 
in the United States. Levine and Otis 
(36) at Ohio State found that rats han- 
dled prior to weaning showed signifi- 
cantly less mortality following food and 
water deprivation than nonhandled rats 
or rats handled after weaning. Levine 
(32) has further shown that early-han- 
dled mice have a higher threshold for 
emotional reactivity than nonhandled 
controls. Levine has also found re- 
cently (34) that adrenal weights of ‘rats 
handled prior to weaning were signifi- 
cantly lower, following the stress of 
glucose injection, than those of controls. 
In the latter study, he found no signifi- 
cant difference in mortality under this 
stress between early-handled and con- 
trol rats. 

In these studies of Levine and his 
colleagues, however, early handling in- 
volved removing the infant rat from its 
nest, placing it in a different environ- 
ment (as on a scale or in a box) and 
then returning it to its nest.* In the 
Levine and Otis study, for example, 
this picking-up-and-returning procedure 
probably involved no more than a 
minute all told, and probably no more 
than 12 seconds’ contact with the ex- 
perimenter.* Yet this abbreviated pro- 


3In a study at Toronto, Newton (7) found 
that prolonged (postweaning) experience with 
the mother rat increased the infant rat’s emo- 
tional reactivity as an adult, compared to han- 
dled rats, and that this extra mothering low- 
ered the basal metabolic rate and weight for 
the rat, compared to controls that had not 
been either extra-mothered or handled. 

*Personal communication with S. Levine, 
1957. 
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cedure was found to have the same pro- 
tective effects under stress® as the To- 
ronto method, also used by Levine and 
Otis in their study (36). For the sake 
of convenience, the kind of handling 
used by Levine will be referred to as 
“Type II” handling in this paper. It 
should be noted that in the Levine 
studies “early handling” refers in gen- 
eral to handling before weaning. 

In a replication of Weininger’s experi- 
ments (68, 69), but using group-housed 
rather than individually-caged rats as in 
the Toronto studies, Stern and Taylor ® 
have recently found significantly reduced 
gastrointestinal lesions in early-handled 
(Type I) rats following 48 hours of im- 
mobilization, compared to controls, but 
no differences in adrenal weight, heart 
damage, or emotional reactivity under 
these conditions. 

An experiment by Scott (59), con- 
trary to the findings of Weininger and 
Levine, showed no differences in weight, 
emotional reactivity, or survival under 
severe physical stress (massive doses of 
thiourea) between early-handled (Type 
I) and control rats. In this experiment, 
however, a severe stress in the form of 
a heat wave intervened between the 
early handling and the experimental 
tests. The effects of such intervention 
of stress on the growth gains usually in- 
duced by early handling are discussed 
below. 

A number of recent studies have sug- 
gested that sensory input from other 
modalities may influence the effects of 
handling on viability. An experiment 


5In his experiment at Toronto, mentioned 
above, Long (7) found that rats that were 
merely picked up and held against the experi- 
menter’s chest for 30 seconds, and then re- 
turned to their cages, survived longer under 
total food and water deprivation than con- 
trols, but this difference was not statistically 
significant. 

6 Unpublished study by J. A. Stern and R. 
Taylor, School of Medicine, Washington Uni- 
versity, 1957. 
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by King’ has shown that even visual 
contact with others of its species has 
survival value for the guinea pig in in- 
fancy, when the animal is already un- 
der dietary stress (vitamin deprivation). 
An experiment by Shelly, Pasamanick, 
and Levine (62) showed that rats held 
loosely in a black box a few minutes 
a day for nearly three weeks evidenced 
only transient growth gains over con- 
trols during the next week, irrespective 
of their age at time of handling. Rats 
handled prior to weaning in this experi- 
ment also showed a decrease in timidity 
in a strange situation that disappeared 
after one trial. Macdonald and Teght- 
soonian (38) found that three minutes 
of intense light stimulation produced a 
transient but significant weight gain in 
rats that had previously received maxi- 
mum visual stimulation in infancy, com- 
pared to controls that also experienced 
the intense light as adults but that had 
been subjected to less visual stimulation 
in infancy. 

These results suggest, as Thompson 
has hypothesized (66), that the total 
quantity of sensory interaction with the 
environment, rather than the specific na- 
ture of the sensory input, is the essential 
factor involved in effects of early ex- 
perience on viability. If this hypothesis 
were correct, then the effects of early 
handling on viability would depend on 
the amount of visual stimulation con- 
comitantly experienced by the young 
animal. It might be expected, in this 
case, that rats handled in the dark 
would be less resistant to stress as 
adults than those handled in daylight 
or under artificial light. 


Basic HyPpoTHEsEs 
Stress threshold. The key hypothesis 
of the position presented here is that 
early handling raises the threshold for 
response to stress, thus conserving the 


T Personal communication with J. A. King, 
1957. 
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metabolic resources or adaptation en- 
ergy (60) of the organism. The re- 
sponse to stress may be differentiated 
into two reactions. Stimulation of the 
adrenal medulla by the sympathetic di- 
vision of the autonomic nervous system 
results in release of epinephrine and 
nor-epinephrine into the blood stream. 
And, as noted above, stimulating of the 
adrenal cortex by ACTH from the an- 
terior pituitary results in release of 
adrenocortical hormones, such as corti- 
sone and 17-hydroxycorticosterone, into 
the blood stream. Both these reactions 
are, in general, mediated by the h\po- 
thalamus (25) and they may be con- 
sidered, as Cleghorn (9) suggests, to be 
the two arms of a single response to 


8 Conversely, this suggests that an animal 
with a low stress threshold would, through 
leakage of its reserves (which can be conceived 
of as the organism’s neuronal, hormonal and 
metabolic resources) across this threshold, lose 
its capacity to deal with the major stresses of 
later life. That is to say, early stress lowers 
resistance to later. Relevant here is the find- 
ing of Jones (28, 29) that a major factor in 
the death rate of normal human populations 
from such diseases as cancer is the amount of 
childhood disease experienced. Early stress, in- 
cluding disease, can be thought of as chipping 
away at the body’s defenses and lowering re- 
sistance to later major and lethal stress (28). 
On the other hand, Levine (31, 35) has hy- 
pothesized that early handling constitutes a 
stressful situation for the infant organism, and 
that such early (minimal) experience with 
noxious stimulation results ima greater ability 
of the organism to adapt to psychological and 
physiological stress as an adult. He has re- 
cently found, for example, that rats shocked 
and handled in infancy, or handled alone (the 
handling consisting of no more than 12 sec. 
of contact with the experimenter per day), 
showed superior weight gains and less emo- 
tionality compared to control rats that had 
received neither handling nor shock in infancy 
(33). Thus, either early stress lowers resist- 
ance to later, as is hypothesized here, or early 
stress enhances resistance to later stress, as 
Levine has suggested. This point should be 
experimentally decidable, using such sensitive 
indices of resistance to stress as the total life- 
span of the animal. 
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noxious stimuli. It can further be sug- 
gested, with Sayers (55), that both 
arms of the response to stress usually 
occur together. 

While the work of Selye has empha- 
sized the pituitary-adrenal response in 
general in accounting for stress damage, 
recent investigations by Goldstein (21) 
and others, to be considered below, have 
pointed to the crucial role of the sym- 
pathetic system in tissue damage. 

The basic hypothesis of this paper 
may therefore be restated as follows: 
early handling of the albino rat reduces 
(a) the pituitary-adrenal and (b) the 
sympathetico-adrenal medulla responses 
to later stress. 

The evidence for each of the two sec- 
tions of this hypothesis will now be con- 
sidered in turn, and further relevant ex- 
periments suggested in each case. 

A reduced pituitary-adrenal out put in 
early-handled animals under stress is 
suggested by failure of their adrenals 
to show hyperactivity under these con- 
ditions. In two experiments, Weininger 
(69) found significantly lower adrenal 
weights in early-handled (Type I) rats 
than in unhandled ones, following 48 
hours of immobilization and food and 
water deprivation. Levine (34), using 
a different method of handling (Type 
II), as noted above, found significantly 
lower adrenal weights in rats handled 
prior to weaning than in unhandled ones, 
following the stress of glucose injection. 

A more conclusive experiment would 
involve comparison of the adrenal-ster- 
oid (17-hydroxycorticosteroid) blood- 
plasma content of early-handled and of 
control animals under stress, after the 
method of Nelson and Samuels (44). 
Also pertinent would be comparison of 
resting 17-hydroxycorticosteroid levels in 
early-handled and in control animals, as 
a further check on the hypothesis of re- 
duced pituitary-adrenal activity in the 
former. A third, and critical, experi- 
ment would involve measurement of 
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ACTH blood content in early-handled 
and unhandled adrenalectomized ani- 
mals under stress, using the method of 
Sydnor and Sayers (65). The animal 
of choice for these experiments might 
be the guinea pig, since the resting 
level of 17-hydroxycorticosteroid blood 
plasma content in the rat is so low as to 
be virtually undetectable (12). 


Even if it were further confirmed, 
however, through the experiments sug- 
gested above, that early handling re- 
duces pituitary-adrenal output, this 
would by no means demonstrate that 
such reduction was due to a dampening 
of pituitary-adrenal activity. It could 
equally well be due to a greater capacity 
of the pituitary-adrenal axis in early- 
handled animals for the normal produc- 
tion of adrenal cortical steroids, as Le- 
vine has suggested (35), so that for this 
reason there would be less detectable 
output under stress. 

Levine (35) has recently shown that 
handling (Type ITI) after birth induces 
significant increases in ascorbic acid de- 
pletion (an index of stress response) in 
rat adrenals under stress, and on the 
basis of this and other work concludes 
that handling accelerates maturation of 
the pituitary-adrenal system in the rat. 
In this connection, Woods (72) has 
shown that the wild Norway rat, with 
markedly greater adrenal capacity than 
the laboratory rat, shows no detectable 
adrenal ascorbic-acid depletion as an 
adult under such stress as low tempera- 
ture, fighting. or loud noise. In this 
case, then, the greater capacity of the 
wild rat results in a reduced pituitary- 
adrenal output under stress, compared 
to the laboratory animal. 

If the hypothesis that early-handled 
rats had, as a result of handling, greater 
adrenal capacity than unhandled con- 
trols, were correct, several experiment- 
ally testable hypotheses should follow. 

First, this greater capacity should be 
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evidenced in greater weight of the ad- 
renals under normal conditions, since the 
greater capacity of the wild rat is re- 
flected in adrenals proportionately two 
to four times the size of those of labora- 
tory rats, the difference being in size of 
the adrenal cortex (50). No differences 
between adrenal weights of early-han- 
dled (Type I) and unhandled rats have, 
however, been detected prior to stress 
(69). 

Second, this presumed greater capacity 
and greater normal output should be re- 
flected in a higher adrenal-steroid (17- 
hydroxycorticosteroid) resting level in 
handled, compared to unhandled ani- 
mals. But this would be precisely the 
reverse of the expectation if the posi- 
tion advanced in this paper were true, 
for if anterior pituitary and adreno- 
cortical activity were permanently damp- 
ened under early handling, then the rest- 
ing 17-hydroxycorticosteroid level should 
be /Jower than that in unhandled con- 
trols. 

The question thus resolves itself into 
whether the obtained reduction in pi- 
tuitary-adrenal output under stress of 
early-handled animals, as found by 
Weininger (69) and Levine (34), is 
due to a concomitant reduction in stimu- 
lation of the anterior pituitary and hence 
in ACTH output, as suggested in this 
paper, or is due to accelerated matura- 
tion and consequently greater capacity 
of the pituitary-adrenal system in early- 
handled animals, as suggested by the 
work of Levine (35). 

A reduction of sympathetic-adrenal 
medulla response in early-handled ani- 
mals under stress is suggested by the 
reduced emotional reactivity that has 
usually, but not always, been found in 
these animals as adults. 

Weininger (69) found that early-han- 
dled (Type I) rats, introduced to a cir- 
cular open field enclosed by three-foot 
metal walls with a 200-watt bulb hung 
over the center, ventured further to- 

















262 


wards the center of this arrangement 
than controls (two experiments), and 
showed more activity than controls (two 
of three experiments, the result being 
reversed in the third). Levine (32) 
found that early-handled (Type II) 
mice showed less latency in leaving 
their cages for food and in fighting 
other mice than controls. Bernstein 
(5) found that rats handled (Type I) 
prior to and during the course of the 
experiment showed more vigorous ex- 
ploratory behavior in a maze and in 
their home cages than did controls, 
learning mazes faster and with fewer 
errors. Reduced emotional reactivity of 
handled rats could account for both 
their superior maze performance and 
greater exploratory activity. 

In a recent experiment, Rosen (51) 
found early-handled (Type I) rats 
dominant in paired food competition 
with unhandled controls, and suggests 
reduced emotional reactivity of handled 
rats as the relevant factor. No cor- 
relation was found between weight and 
dominance. 

On the other hand, Gertz (18) found 
in a recent study that early handling 
(Type I) of the albino rat had no 
effect on adult emotional behavior, as 
measured by frequency of defecation, 
number of boluses excreted, and activity 
in an open field. 

The basic hypothesis of reduced sym- 
pathetic-adrenal medulla response of 
early-handled animals under stress could 
be tested by comparing cardiac rate and 
peripheral sympathetic reaction (blood 
pressure in the tail, for example) of 
early-handled and control rats under 
stress. It could further be tested by 
comparing blood and urine output of 
epinephrine from the adrenal medulla of 
early-handled and control rats subjected 
to noxious stimuli. 

Although a number of interesting 
clean-up studies remain to be done in 
this area, it is the conviction of the 
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writer that the point of diminishing re- 
turns has been reached in current psy- 
chological studies of the effects of the 
early experience of handling on the re- 
sponse to stress, and that the time is 
now ripe to enquire into the underlying 
neurophysiological mechanisms operat- 
ing to produce the observed results. 


HypoTHALAMIC REACTIVITY 


If the effects of early experience of 
handling on viability are to be accounted 
for in terms of the threshold for stress, 
then the effects of such experience on 
the neurophysiological determinants of 
the stress response must be shown. The 
writer (6) has suggested that early han- 
dling dampens posterior hypothalamic 
reactivity to stress. Porter (45, 46) 
has shown that this is the area (mam- 
millary body and median eminence) in- 
volved in the pituitary-adrenal response 
to stress. Such dampening of the pos- 
terior hypothalamus would inhibit the 
sympathetic-adrenal medulla stress re- 
sponse as well as the pituitary-adrenal 
cortex reaction, since both of these 
“arms” of the response to stress are 
mediated by the posterior hypothalamus 
(25, 42, 46). 

Sympathetic response. Both of these 
arms usually occur together, as Sayers 
(55) has pointed out. Virtually all con- 
ditions that release ACTH and are con- 
sidered stress situations also increase 
sympathetic nervous activity and the 
secretion of epinephrine.® 

In accounting for stress damage to the 
cardiovascular and renal systems, the 
work of Selye (60) has put the onus 
on the pituitary-adrenal response and 
the consequent production of adrenal 
cortical steroids. Recent investigations 
by Goldstein (21) and others have, 
however, shifted emphasis to the sym- 
pathetic division of the autonomic sys- 


® Personal communication with M. S. Gold- 
stein, 1956. 
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tem as the primary agent in tissue dam- 
age under stress. For example, adrenal- 
ectomized dogs maintain a precarious 
balance under severe physical stress to 
which they would otherwise succumb, 
providing they have been sympathecto- 
mized or have been treated with drugs 
that block action of the sympathetic 
system (21).° This work of Goldstein 
and others suggests that adrenal cortical 
hormones have the function of buffering 
the tissues against damage from epi- 
nephrine and nor-epinephrine. 

Without such preparation of minute 
blood vessels by adrenal steroid hor- 
mones, autonomic neurohumoral activ- 
ity appears to result in irreversible dam- 
age, and hence probably in the terminal 
conditions of local haemorrhage and de- 
creased blood pressure (21). On the 
other hand, interruption of the sym- 
pathetic system protects the adrenal- 
ectomized animal from stress.° Gold- 
stein notes in this connection: “It is as 
if the price paid for a highly reactive 
system such as the sympathetic is to ex- 
pose the tissue to damage with the 
steroids functioning to support the tissue 
in meeting the metabolic stimulation of 
the adrenalins.” ° 

Other experiments have shown the 
protective effects of sympathetic block- 
ing agents in tumbling shock (52) and 
in tourniquet and burn shock (40). It 
may therefore be suggested here that 
the protective effects of early handling 
result from just such a dampening of 
sympathetic activity under stress. This 
hypothesis could be directly tested by 
comparison of the relative protective 
effects of .early handling and of sym- 
pathetic blocking agents for rats under 
severe physical stress, such as tumbling 
shock. The hypothesis could be indi- 
rectly tested by comparing the startle 
and peripheral sympathetic response (as 
in tail blood pressure) to sudden stimuli 
of early-handled rats and controls. 

Hypothalamic balance. The major 
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mechanism here suggested to account 
for the effects of early handling on via- 
bility remains, however, dampening of 
posterior hypothalamic reactivity (6). 
Inhibition of the sympathetic autonomic 
response, and of the pituitary-adrenal 
response, would be subsidiary effects of 
this change in hypothalamic function. 
This hypothesis could be tested directly 
by comparing electrical activity in the 
posterior hypothalamus of early-han- 
dled and control rats under physical, 
physiological, and emotional stress. For 
example, the electrical response to epi- 
nephrine injection could be compared in 
handled and control animals. 

The neurophysiological mechanisms in- 
volved in such postulated posterior hy- 
pothalamic dampening have not been 
investigated. 

Recent experimental work by Redgate 
and Gellhorn (15, 49) suggests, how- 
ever, that balance of excitability be- 
tween the anterior and posterior hy- 
pothalamus determines pulse-rate and 
blood-pressure levels. Coagulation or 
drug-induced reduction of posterior hy- 
pothalamic excitability resulted in a re- 
duction of blood pressure and pulse rate. 
Coagulation of the anterior hypothala- 
mus resulted in opposite changes. 

Other research by Shimazu et al. (63) 
in Japan has shown that stimulation of 
parasympathetic hypothalamic centers in 
the rabbit inhibits secretion in the pos- 
terior hypothalamus of the neurosecre- 
tory granules '° involved in the response 
to stress. Their findings indicate that 
the neurosecretory material is released 
into the hypothalamic and hypophysial 
blood vessels by stimulation of the pos- 
terior sympathetic centers of the hypo- 
thalamus, or by such stresses as wounds, 
burns, or poison. 


10The neurosecretory cells, which are 
equipped to transform neural impulses into 
humoral activity, thus provide the mechanism 
for linking the two great integrating systems 
of the body (56). 
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The work of Scharrer (56, 57) and 
Harris (25) has indicated that it is the 
transmission of this material from the 
posterior hypothalamus to the anterior 
pituitary through the portal blood ves- 
sels that initiates the release of ACTH 
from the pituitary and thus triggers the 
pituitary-adrenal response to stress, par- 
ticularly when the noxious stimulus is 
mediated by the central nervous system 
(as is the case for emotional stress). 
The important finding of the Japanese 
investigators, for the present purpose, is 
that stimulation of the parasympathetic 
centers suppresses the release of this 
neurosecretory material and causes its 
retention in the axon. 

Those environmental stimuli that ac- 
tivate anterior and parasympathetic hy- 
pothalamic centers would, therefore, at 
the same time inhibit the posterior hy- 
pothalamic nuclei that mediate the two 
arms of the response to stress. The bal- 
ance between activity of the anterior 
and posterior hypothalamus can thus be 
termed the threshold for stress. The 
more dominant the posterior hypotha- 
lamic centers over the anterior, the 
greater the probability that a neutral 
stimulus would result in a stress re- 
sponse, and thus the lower the threshold 
for this response. 

To account for the effects of early 
handling on viability of the albino rat, 
it can now be suggested that early han- 
dling stimulates the anterior hypothala- 
mus and parasympathetic centers and 
thus inhibits the posterior hypothalamic 
response to stress. If this sensory input 
from handling occurs early enough in 
the development of the organism, then 
the balance is permanently shifted in 
favor of the anterior region. 

The relative dominance of one or the 
other of these two response systems, de- 
termined genetically or by early experi- 
ence, can thus be considered the thresh- 
old for stress. That is to say, the prob- 
ability that the rat will respond to a 


EveRETT W. Bovarp 


neutral environmental stimulus with a 
protein catabolic reaction is, in part, de- 
termined by the rat’s early sample of 
what life is like for rats. 

The central proposition of this paper 
is, therefore, that early handling alters 
the balance of hypothalamic excitability 
in favor of the anterior (and parasym- 
pathetic) regions, thus having the joint 
effects of (a) reducing pituitary-adrenal 
and sympathetic-adrenal medulla re- 
sponses under stress by the mechanism 
noted above, and (0) stimulating ana- 
bolic processes, such as an increase in 
secretion of growth hormone from the 
anterior pituitary (handling has been 
found to increase weight and skeletal 
length of rats in a number of experi- 
ments, noted below), through a mecha- 
nism not yet determined. 

The anticatabolic effects of early han- 
dling in reducing pituitary-adrenal and 
sympathetic-adrenal medulla responses 
under stress have been considered above. 
The anabolic effects of early handling 
will now be considered in some detail. 

Anabolic effects. In respect to ana- 
bolic stimulation from early handling, 
the finding of Doolittle and Meade (13) 
that free amino-acid blood-serum con- 
tent of early- and late-handled (Type I) 
rats shows an acute reduction, compared 
to unhandled controls, suggests that pro- 
tein synthesis is increased, and/or pro- 
tein breakdown reduced, in handled ani- 
mals. This indirectly supports the hy- 
pothesis that early handling stimulates 
growth hormone secretion, as suggested 
by Harris (24). 

In this connection, Mogenson et al. 
(41) have found that the weight gain 
usually induced by early handling (Type 
I) is nullified either by injection of 
cortisone (an adrenal cortical hormone) 
or by the stress of a high-frequency 
sound, both effects presumably operat- 
ing to counteract growth hormone or 
reduce its output. Ruegamer and Silver- 
man (54) have shown that rats han- 
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dled (Type I) two weeks preceding elec- 
tric shock, and with resultant gains in 
growth and food utilization over con- 
trols, lost these advantages when both 
groups were subjected to electric shock. 
Both groups were inferior to nonshocked 
controls. 

This effect of stress on anabolic ef- 
fects of early handling might account 
for the failure to obtain weight gains 
from handling (Type I) in the experi- 
ments of Newton (7), Long (7),! and 
Scott (59). The heat wave that inter- 
vened in the latter experiment may have 
served to wipe out any differences be- 
tween experimental and control groups. 
The Newton and Long results may have 
been related to the exposure of their 
rats to cold in transit from upper New 
York State to Toronto in the winter, 
but this is only speculation. In any 
case, a majority of studies in the litera- 
ture ‘* have shown that early handling 
induces weight gain in the rat, and 
Ruegamer et al. (53) have shown this 
gain (from Type I handling) to be the 
result of better food assimilation rather 
than of greater consumption. This again 


11 Personal communication with H. G. Long, 
1955. 

12 These include an original experiment by 
Bernstein (4), three subsequent experiments 
by Weininger (69, 70), three by Ruegamer 
et al. (53), and one by Brooker (8), all in- 
volving Type I handling. Levine found weight 
gains from handling (Type II) in his glucose- 
injection experiment (34). Both Weininger 
(69) and Ruegamer (53) found that early 
handling (Type I) increased skeletal length. 
In another experiment in this area, McClel- 
land (37) found that stroking the rat (in a 
restraining box) with an artist’s brush for the 
same period had exactly the same effect in in- 
ducing weight gain as personal (Type I) han- 
dling by the experimenter. This latter finding 


supports Weininger’s view (67, 70) that the 
essential variable involved in handling is tactile 
stimulation, rather than supporting Bernstein’s 
view (5), suggested to account for his findings 
on handling (Type I) and maze learning, that 
the essential element in handling is relation- 
ship of the animal to the experimenter. 
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suggests the influence of growth hor- 
mone (somatotrophin or STH). 

How increased growth-hormone out- 
put could lead to enhanced survival un- 
der such specific and severe types of 
stress as complete food and water dep- 
rivation, as found for early-handled rats 
in the studies of Long (7) and Levine 
and Otis (36), is suggested by the re- 
lation of STH to cardiac glycogen depo- 
sition. 

Studies of Adrouny and Russell have 
shown, respectively, that STH increases 
cardiac glycogen under normal condi- 
tions and that it has an important role 
in maintenance of cardiac glycogen 
stores during the emergency of fasting 
(1, 2). The greater survival of early- 
handled (Type I) adult rats (age 52 
days) under food and water depriva- 
tion than of controls of the same weight, 
as found by Long (7)."' is otherwise 
rather difficult to explain; but it could 
be accounted for on the assumption that 
these animals were able to maintain 
cardiac glycogen (a form of carbo- 
hydrate) stores longer than controls. 
This hypothesis could be experimentally 
checked by comparison of cardiac gly- 
cogen deposits in early-handled and con- 
trol rats (a) under food and water dep- 
rivation and (6) under normal condi- 
tions. 


If exploration of the hypothesis that 
early handling alters the balance of hy- 
pothalamic activity in favor of the an- 
terior region should prove fruitful, the 
next logical step would be investigation 
of the neurophysiological determinants 
of such altered neuroendocrine response. 

This would require, in the first in- 
stance, recording of anterior and pos- 
terior hypothalamic activity from chroni- 
cally implanted electrodes, to test the 
specific hypothesis of anterior domi- 
nance. The specific hypothesis to be 
tested here would be that, in early-han- 
dled animals as compared to controls, 
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(a) posterior hypothalamic excitability 
would be reduced, and (/) anterior hy- 
pothalamic excitability would be in- 
creased, under both normal and stress 
conditions. 

The hypothesis of anterior dominance 
could be indirectly tested by comparing 
pulse rate and blood pressure of early- 
handled and control rats, under both 
normal and stress conditions. The work 
of Redgate and Gellhorn (49), discussed 
above, suggests that if the anterior hy- 
pothalamus is dominant in early-han- 
dled rats, as hypothesized, these animals 
should evidence, compared to controls, 
(a) a slower return of blood pressure 
from drug-induced hypotension, and (5) 
an increase in reflex slowing of the pulse 
from nor-epinephrine. The most con- 
clusive experiment in respect to anterior 
dominance would, however (as suggested 
above), involve application of a stress 
agent to the organism (epinephrine, for 
example) and consequent recording of 
hypothalamic electrical activity, compar- 


ing early-handled and control rats in 
this respect. 


MopvuLaTION OF HyPpoTHALAMUS 


Amyedaloid complex. If a change in 
the balance of hypothalamic activity is 
suggested to account for effects of early 
handling on viability, then the question 
arises as to just how such a change could 
be effected. Recent studies by Gloor 
(19, 20) and Pribram (47) of the amyg- 
daloid complex** and its diffuse pro- 
jection system to subcortical regions 
suggest that one of its functions is 


18 The amygdaloid nucleus is a complex gray 
mass, covered by a layer of rudimentary cor- 
tex, in the dorsomedial region of the temporal 
lobe, near the tip of and on the floor of the 
inferior horn of the lateral ventricle. While it 
is considered to belong to the olfactory sec- 
ondary centers, it has a good many nonolfac- 
tory connections, particularly somesthetic (39), 
and may be thought of as an olfactory thala- 
mus or integrating center. Cf. Strong and 
Elwyn (64), Ranson and Clark (48). 
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to modulate hypothalamic excitability. 
Other research by Schreiner and Kling 
(58) has shown that removal of the 
amygdaloid complex reduces behavior of 
both savage and domestic animals to 
tameness and docility. The primitive 
function of the olfactory cortex, of 
which the amygdaloid complex is an 
element, can be thought of, after Her- 
rick (26), as qualitative discrimination 
between desirable and noxious stimuli 
and consequent nonspecific arousal of 
the appropriate subcortical centers, par- 
ticularly hypothalamic. 

If the function of the amygdaloid 
complex includes discrimination between 
desirable and noxious stimuli, then its 
removal should interfere with such dis- 
crimination. Relevant here is the find- 
ing of Weiskrantz (71) that the effect 
of amygdalectomy on monkeys is to 
make it difficult for the animals to 
identify motivationally relevant stimuli 
(in the words of J. Olds), whether de- 
sirable or noxious. 

A study by Lesse (30) has shown that 
stimulus situations involving behavioral 
responses of agitation, escape, attack, or 
defense induce in the cat a distinct elec- 
trographic pattern (high amplitude, 40- 
45 sec. frequency) in the lateral nuclei 
of the amygdaloid complex. 

Since these behavioral responses are 
precisely those that Hess (27) has ob- 
tained from direct electrical stimulation 
of hypothalamic centers (also in the 
cat), a connection between amygdaloid 
and hypothalamic response to stress 
would seem indicated here. It should 
also be noted from the Lesse study that 
stimuli which resulted in waking or 
alerting responses only, and which have 
been found in other studies to produce 
large-amplitude, synchronized waves in 
the hippocampus (22), did not induce 
the amygdaloid EEG pattern typically 
elicited by noxious stimuli, such as elec- 
tric shock. 

Indirect 


evidence for amygdaloid 
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modulation of hypothalamic reactivity 
comes from de Florida and Delgado’s 
finding (10) that stimulation of the 
amygdaloid nucleus induces affectionate 
and playful behavior in a group of male 
cats, with effects lasting for several days. 
An experiment of Morgane and Kosman 
(43), however, contrary to the trend of 
the above studies, that the 
amygdaloid complex has no effect on 
hypothalamic reactivity. They found 
that bilateral amygdalectomy in cats 
produced no observable changes in af- 
fective behavior, including reaction to 
noxious stimuli or petting. 

The question remains as to how the 
sensory input from early handling could 
affect amygdaloid activity. Relevant in 
this connection is the study of Machne 
and Segundo (39), who found stimula- 
tion of the sciatic nerve and touching of 
any portion of the skin most effective 
in arousal of electrical activity in the 
amygdaloid nucleus. From this study, 


suggests 


olfacto-somatic correlation appears to be 


a major function of this subcortical 
center. 

The above work, taken together, sug- 
gests that the balance of hypothalamic 
activity, and therefore the threshold for 
stress, may be determined by amyg- 
daloid mediation. The testing of this 
hypothesis would require removal of the 
amygdaloid complex by suction in ex- 
perimental and matched control animals 
before handling, to determine whether 
the effects of handling on viability 
would thereupon be eliminated. Fur- 
ther, electrical recordings of amygdaloid 
activity during stress and under normal 
conditions could be made to determine 
any differences between early-handled 
and control animals. 

Hippocampus. The role of the hip- 
pocampus (see Fig. 1) in modulating 
hypothalamic activity also requires ex- 
ploration. Relevant in this respect are 
(a) the finding of Gloor (19) that hip- 
pocampal responses to electrical stimu- 
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lation of the amygdaloid nucleus reach 
the largest amplitudes of any structure 
fired by the amygdala; and (06) a re- 
ported finding of J. W. Mason that 
electrical stimulation of the hippocam- 
pus itself acts to suppress the pituitary- 
adrenal response to stress. 

These findings would suggest, then, 
that the amygdaloid complex may have 
at least two pathways for hypothalamic 
modulation—a direct projection to the 
anterior hypothalamus via the stria 
terminalis, with direct fiber connections 
(19), and an indirect, multisynaptic 
pathway to the hippocampus, whose 
main efferent projection (the fornix) is 
to the posterior hypothalamus, in the 
region of the mammillary body (see 
Fig. 1). This is, of course, precisely 
the region found by Porter (45, 46) to 
mediate the pituitary-adrenal response 
to stress. 

Delgado (11) found defensive reac- 
tions in monkeys following electrical 
stimulation of the hippocampus and 
fornix, and, on the basis of his own and 
other work, suggests the hippocampus as 
locus for nociceptive sensory integra- 
tions. These and other investigations 
impute to the hippocampus a leading 
role in the mediation of noxious stimuli 
and hence in the neuroendocrine re- 
sponse to stress, although no simple or 
clear-cut picture of hippocampal func- 
tion emerges from this research. 


SUMMARY 

The central proposition of this paper 
is, therefore, that effects of early han- 
dling on viability of the albino rat are 
mediated by a permanent alteration in 
the balance of hypothalamic activity, in 
This al- 
teration results in increased growth hor- 
mone output under normal conditions, 
and decreased activity of the pituitary- 


favor of the anterior region. 


14 Personal communication with J. V. Brady, 
1957. 
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Fic. 1. Diagrammatic representation of the main telencephalo-hypothalamic connections. 
The arrows indicate the direction of nervous impulses in this system. The arrows in the dia- 
gram of the hemisphere outline the main associational connections at the cortical level, which 
are relevant for this system. (From Gloor, P. Telencephalic influences upon the hypothala- 
mus. In W. S. Fields, R. Guillemin, & C. A. Carton (Eds.), Hypothalamic-hypophysial inter- 
relationships. Springfield, Ill.: Charles C Thomas, 1956. Pp. 74-113. Courtesy of the author 
and Charles C Thomas, Publisher.) 


A: amygdala. A6: Area 6 of frontal lobe. E: entorhinal area (pyriform lobe). 
D: dorsomedial nucleus of hypothalamus. F: fornix. 
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adrenal cortex and sympathetico-adrenal 
medulla systems under both normal and 
stress conditions. In turn, this altera- 
tion in hypothalamic balance is itself 
the result of a change in amygdaloid 
complex activity, arising from the sen- 
sory input from early handling. 

Experimental tests of derivative hy- 

potheses have been suggested in the 
course of this presentation. 
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FUNDAMENTAL DIMENSIONAL PROPERTIES OF 
THE OPERANT * 


THOMAS F. GILBERT 
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At the outset of any inquiry into be- 
havior, and prior to the introduction of 
experimental variation, the investigator 
prepares to perform two classes of op- 
erations. In the first place he locates 
and circumscribes, in space and time, 
the subject matter with which he is con- 
cerned. Secondly, he designates some 
specific dimension or dimensions along 
which quantities of his subject matter 
can be established. It is the purpose 


of this paper to describe the simplest set 
of operations that can be used to es- 
tablish quantities of behavioral subject 
matter. However, the acceptability and 
meaning of any description of a funda- 
mental dimensional set will depend, in 
part, upon what unit of subject matter 


is chosen for purposes of quantification. 
To put it simply, ow one sets about to 
measure largely depends upon what one 
sets about to measure. 

Attempts at systematic designation of 
behavior dimensions have been hamp- 
_ ered by the confusion about just what 
events enter into the subject matter 
which the dimensions are to describe. 
If we look at what measures behavior- 
ists actually use we see an indefinite 
number of dimensions. Latency, resist- 
ance to extinction, habit strength, am- 
plitude, speed, accuracy, threshold, fre- 
quency, reaction-potential, aggression, 
mels, VTE, rate, and anxiety are only 
the beginning of the list of the most 
common “dimensions.” If we reflect 
upon these many different measure- 
ments we should find that many of 
them are, for the sake of measurement, 
reducible to others. For an example, 


1 This research was supported, in part, by 
the Graduate School, University of Georgia. 
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resistance to extinction, as a “measure” 
of reflex strength, is established by 
measuring frequency, amplitude, or la- 
tency after reinforcement has been with- 
drawn. Resistance to extinction is a 
phrase we use to describe changes in 
behavior, measured along some dimen- 
sion, as a function of a certain kind of 
experimental variation. In short, re- 
sistance to extinction designates a func- 
tional relationship. Threshold is an- 
other case in point. We do not “meas- 
ure” threshold, but we measure the 
frequency with which one says, “yes, 
I see the light,’ and we describe how 
the frequency of this behavior is func- 
tionally related to quantitative changes 
in the experimental variable. We then, 
sometimes, worry our heads over the 
fact that this functional relationship is 
nonlinear and does not interest the two 
zeroes simultaneously. Seldom, in sci- 
ence, are functional relations between 
two variables linear, and seldom does 
the relationship intersect the variables 
at the point of origin. This is no ground 
for leading us to conclude that basic 
psychological measurement dimensions 
do not have the characteristics of ratio 
scales. 

It is the first business of science to 
describe functional relations. It carries 
out this business by introducing experi- 
mental variation and measuring the con- 
current changes in the subject matter. 
In order to describe these functional 
relations, some operations of measuring 
the subject matter necessarily are estab- 
lished prior to the introduction of the 
experimental variations. In any science, 
functional relationships exist in indefi- 
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nite numbers, while measurement di- 
mensions do not. 

The operations of measuring behavior 
and the operations of establishing func- 
tional relations must be independent of 
each other, lest confusion is to arise. 
The procedures we use to describe be- 
havior are established at the beginning 
of inquiry and cannot change unless the 
inquiry itself is redirected. Descriptive 
procedures are required to be independ- 
ent of experimental variation, since these 
procedures are utilized for describing the 
effects of the experimental conditions. 
This is not to say that the quantities 
obtained from descriptive procedures 
must be independent of the experi- 
mental variables; rather, the procedures 
will be independent if the dependence 
of the quantities is to have meaning. A 
set of measurement dimensions is es- 
tablished for the purpose of describing 
functional relationships and will, there- 
fore, not include the very functional re- 


lationships to be described. 

A second difficulty in 
analysis lies in the confusion about 
what is meant by dimensional independ- 


dimensional 


ence, or unidimensionality. The precise 
distinction that it is necessary to make 
at the outset is that each member of 
the fundamental set represent an inde- 
pendent procedure. This does not mean 
that the outcomes of measurement along 
different dimensions will be uncorre- 
lated. It simply means that there is 
nothing in the procedures themselves 
that necessitates correlation. When we 
ask how many dimensions a house pos- 
sesses, we do not first obtain data on 
the house; rather we first decide along 
what dimensions houses are measurable, 
regardless of the particular quantities 
obtained in the measurement of any one 
house. We say that a house is multi- 
dimensional simply because there is 
more than one procedure by which we 
can measure it. A dimension implies 
an operation for obtaining data inde- 
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pendent of the particular quantities ob- 
tained on one or more occasions. How- 
ever, in the study of behavior, dimen- 
sional analysis is frequently thought to 
be a procedure for ordering data already 
obtained independently of the methods 
used to obtain it. Thus, we let the uni- 
dimensional characteristics of a set of 
data hinge upon the data’s being un- 
correlated with some other set of data. 
It is not surprising that ‘‘unidimension- 
ality” has been hard to come by. It is 
a well known fact that the physical di- 
mensions of mass and extension are fre- 
quently correlated in nature. Neverthe- 
less, we think of them as independent 
dimensions because they are operations 
of measurement that do not necessitate 
correlation. They are. as I shall say, 
logically independent, although not nec- 
essarily empirically independent. 

The analysis that follows does not, 
then, refer to operations for establish- 
ing quantitative functional relationships; 
nor of operations for establishing the de- 
gree of empirical correlation between a 
set of measures already obtained. It re- 
fers, instead, to the simplest set of op- 
erations for obtaining measurements of 
the behavior of organisms. It seems 
clear that those who investigate behav- 
ior typically investigate that class of 
behaviors that Skinner has called op- 
erant (8, p. 65). Skinner's well known 
definition is suitable for the purposes of 
this paper. The dimensions set forth 
here will, I think, be relevant to the 
class of respondents as well, although I 
am not fully satisfied that this is so. 

Once the behavior is specified as an 
operant, it still has no empirically de- 
termined quantity. A definition of the 
operant denotes operations that yield its 
qualitative characteristics and establish 
it as subject matter. There remains the 
problem of describing the simplest pos- 
sible operations that can be performed 
in the determination of empirical quan- 
tity. These operations, once they are 
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specified, I shall call primary dimen- 
sions. Primary dimensions will be those 
operations of measuring that yield quan- 
tities that are of an irreducible sim- 
plicity. These quantities will also pos- 
sess the characteristics of ratio scales. 
Now these quantities will all be de- 
rived by the physical operations of the 
measurement of time and space, and can 
be reduced to these operations; but in 
being so reduced, their behavioral con- 
venience will be lost. They are irre- 
ducible only in the sense that further 
reduction takes the quantities out of the 
realms of behavioral discourse. So long 
as we regard the phenomena in the 
realms of psychological investigation as 
physical and extensible, as I shall do 
here, measurements in time and space 
are called for. As Bridgman (1) has 
said, dimensions are matters of con- 
venience so long as they are compatible 
with the facts and possess the charac- 
teristics of ratio scales. Time measure- 
ments are themselves extensible, and can 
be measured by the distance a hand 
travels over a clock face. This does not 
remove the fact of the convenience of 
time as a primary dimension in physics. 
The dimensional operations I shall 
specify here are not given as the abso- 
lute and “real” character of be:avioral 
data, but are offered as convenient 
methods for assigning quantities to be- 
havioral phenomena. The final test of 
their fundamental properties will be in 
the consequences that accrue from their 
use in the laboratory. As I shall de- 
scribe them, they will be designations of 
certain operations that can be carried 
out by the investigator, who has estab- 
lished an operant as his subject matter. 
They will not refer to specific charac- 
teristics of behavioral data, but to means 
by which these characteristics can be de- 
scribed. It should also be obvious that, 
if these dimensions can be designated as 
more fundamental than other procedures 
of measurement, these other procedures 
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must be reducible to the dimensions de- 
scribed here. 


THE DIMENSIONS 


The task of outlining the nature of 
the dimensions that I consider primary 
may be facilitated by imagining a sim- 
ple laboratory situation. A human sub- 
ject is brought into a room and seated 
before a panel on which is mounted a 
plunger that can be pushed against a 
spring resistance. The plunger is so 
built that, if it is released at all, it will 
return to its normal or starting position 
before it can be pushed again. The 
plunger is mounted on a swivel so that 
the direction of the push is variable. A 
cumulative recorder is attached to the 
plunger so that any movement is re- 
corded. The subject is instructed to 
push the plunger as often as he likes, 
and told he may earn money for his 
work. He is told to begin when the 


experimenter .trns.on a light and that 
he can stop working whenever he likes. 


The fixed reference space, in this case, 
is the plunger, and the operant is 
plunger pushing. 


Temporal Dimensions 


Latency. The first elementary meas- 
urement operation is that of recording 
the time between the opportunity for an 
operant and its initial occurrence. The 
measure is stated in time units, and can 
be easily obtained from a cumulative 
recorder or a timer that goes into op- 
eration when the plunger is made avail- 
able and cuts off when the plunger is 
first pushed. 

Tempo. Once an operant occurs it is 
frequently repeated, and there is a uni- 
tary quality about the sequence of op- 
erants as they are being repeated. For 
example, the child who pedals a bicycle 
evidences no break between pedaling 
through one revolution and another, and 
one operant leads smoothly into another. 
The rate of this continuously ongoing 
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operant is tempo. In the plunger-push- 
ing example, tempo can be easily meas- 
ured as the slope of the cumulative 
curve during those times in which S is 
working continuously. This measure- 
ment is made quite easily where these 
slopes are linear, which is more often 
the case than not. A decision must be 
made about what is to be considered 
continuous or discontinuous; however, 
this decision is taken care of in the con- 
sideration of the next dimension. 

The measure of tempo as the rate at 
which the operant is being emitted, ex- 
clusive of any breaks in its emission, is 
dependent upon the duration of the in- 
dividual operants in the run. The tempo 
of a single operant is its duration. In 
order to distinguish between the dura- 
tion of the operant and the duration of 
the time in which the organism is emit- 
ting operants, I shall borrow a term 
from physics. We may refer to the 
duration of a single instance of an op- 


erant as the period of that operant. 


Perseveration. The third temporal di- 
mension can be seen where we regard 
the amount of time the organism spends, 
after latency, at the prescribed task. If 
we regard the total time from the oc- 
currence of the first operant to the com- 
pletion of the last, the proportion of this 
time in which operants are actually oc- 
curring is perseveration. Examples of 
this type of variation are numerous. 
For example, after some continuous 
plunger pushing or bicycle pedaling, a 
person will pause and engage himself 
in some other task before continuing 
with the original one. Just how long 
the pause must be before we decide that 
the task has been discontinued is an 
arbitrary matter. This question creates 
very little difficulty in normal labora- 
tory situations, however. In the plunger 
example, perseveration is measued by a 
timer that is in continuous operation 
while S is pushing the plunger. If S$ 
pauses for as much as five seconds, a 
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delay relay shuts off the timer until S 
resumes work. Perseveration can also 
be calculated directly from cumulative 
tracings. The five-second pause as a 
criterion for deciding that S has quit the 
task is arbitrary, but is derived, in this 
case, from observations of how long it 
takes the slowest S to complete the cycle 
of one plunger push. 

Duration. The fourth temporal di- 
mension is the total time from the ini- 
tiation of the first operant to the com- 
pletion of the last, independent of the 
amount of work done within this inter- 
val. The designation of the completion 
of a sequence of operants will vary from 
investigation to investigation. It may 
be in the form of completing a task such 
as filling up a ditch, reaching some cri- 
terion of satiation, or returning to op- 
erant-level of output. In the plunger 
example, it is simply the time from the 
end of latency until S pushes a switch, 
thus indicating his desire to quit. 

Figure 1 is a schematic presentation 
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Fic. 1. A schematic presentation of varia- 
tions along four temporal dimensions, illus- 
trating the independence of each. The figures 
are cumulative recordings. Upper case letters 
represent: fast tempo (T), short latency (L), 
long duration (D), and high perseveration (P). 
Lower case letters represent: slow tempo (t), 
long latency (1), short duration (d), and low 
perseveration (p). 
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of hypothetical results from the plunger- 
pushing experiment. The figure repre- 
sents several cumulative tracings, the 
ordinate being a frequency scale and the 
abscissa a time scale. As can be seen 
readily, the total work output may vary 
as a function of each of these dimen- 
sions, and the variation in each dimen- 
sion is logically independent of varia- 
tions in any other dimension. 


Out put 


Total output data will be a function 
of each of these four temporal dimen- 
sions. The dimensions combine in the 
following manner to yield a total out- 
put quantity (where it can be assumed 
that tempo is linear): 


R= KTPD — L, 


where R is output in frequency; P is 
perseveration in proportion of total time 
less latency; D is duration in seconds; 
L is latency in seconds; T is the slope 
of the cumulative recording where the 
animal is at work; and K is a correction 
for different units of measurement of 
frequency on the ordinate and seconds 
on the abscissa. KT is the number of 
operants occurring in a second during 
the times in which the animal is actually 
working. It should be noted that the 
spatial dimensions also enter into the 
determination of total output. Here we 
have considered the case in which these 
dimensions are held at some fixed value. 

In the special case in which the task 
is of some fixed length, duration natu- 
rally will be determined by persevera- 
tion and tempo. In this event, time 
rather than output measures are com- 
monly used. It can be seen that time 
is a complex measure, determined by 
the operation of several dimensions. 


Spatial Dimensions 


A most obvious and common measure 
of an operant in space is what has been 
called amplitude or magnitude. How- 
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ever, the behavioral concept of ampli- 
tude may involve two independently 
measurable characteristics. For this rea- 
son I have chosen two names that, while 
not unusual, are seldom used in behav- 
ioral description. 

Intension. The operation that is usu- 
ally indicated by the word “amplitude” 
is the measurement of the amount of 
movement that takes place in some 
specified part of the organism’s topog- 
raphy. This measure of operant ampli- 
tude I shall call intension, and it is 
taken when we regard the amount of 
movement that some specified part of 
the animal makes with reference to some 
other space. In the plunger experiment, 
the measure is simply made by record- 
ing the distance through which the 
plunger moves from the normal position. 
Intension must not be confused with the 
next measure of amplitude. 

Extension. Independently of the 
amount of movement of a specified part 
of the animal, we may measure the 
amount of the animal involved in the 
movement. A simple illustration of the 
distinction between intension and exten- 
sion is made by imagining a hand laid 
palm down on a table surface. We may 
regard the distance through which a 
finger (or fingers) may be lifted (inten- 
sion), or we may regard, independently 
of the distance through which they are 
moved, whether one or more fingers are 
lifted (extension). Russell et al. (5) 
have made a somewhat similar distinc- 
tion in an analysis of quantitative pro- 
cedures. I believe that what I call ex- 
tension is similar to what they have 
called “quantal intensity.” A precise 
terminological comparison is hardly fea- 
sible, since our methods of analysis 
differ rather sharply. The measure- 
ment of extension is difficult to make 
in many behavioral situations, includ- 
ing the plunger apparatus. We may de- 
termine whether the plunger is pushed 
with one hand or two, or we may make 
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arbitrary divisions of the topography 
and measure the involvement of these 
divisions by muscle action-potentials. 

Direction. The third spatial dimen- 
sion is so well known as to require little 
elaboration. This dimension is estab- 
lished by the measurement of the direc- 
tion of movement with respect to some 
fixed reference space. The operation by 
which this measure is taken from the 
swivel-mounted plunger should be ob- 
vious. Accuracy, error, and “prefer- 
ence’ are typical expressions of the di- 
rection dimension. 


Two EXPERIMENTAL EXAMPLES 
OF THE ANALYSIS 


Such an analysis as the one offered 
here should have empirical consequences 
to establish its worth to an empirical 
science. I will briefly describe a few 
representative results from two investi- 
gations that may serve to argue for the 
more widespread usage of this analysis 
as well as to indicate the empirical 
properties of several of these dimen- 
sions.” 

The first experiments represented pro- 
cedures similar to those of Guttman (3). 
Although no attempt was made to repli- 
cate Guttman’s work, our data are not 
very different from his findings. Essen- 
tially we allowed fully trained rats to 
receive .05 ml. of a sucrose solution from 
a tube upon pressing a bar (Guttman 
used .005 ml.). One of the major ex- 
perimental variables was the concentra- 
tion of sucrose in solution (4, 8, 16, and 
32°; ). An important feature of the ap- 
paratus was the fact that the animal re- 
ceived a drop directly into his mouth as 
he pressed the bar, and he never had to 
from the bar. In many 


move away 


Skinner boxes, the animal moves away 
from the bar and the operants cannot 


2 The data of the first of these experiments 
were obtained in collaboration with Lloyd 
Hitchcock, Jr. (4). 
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occur with the continuity required for 
the measurement of tempo. 

From rather fast-moving cumulative 
recorders, the temporal dimensions listed 
above were measured. Figure 2 sum- 
marizes and schematizes the findings. 
Each of the temporal dimensions is 
plotted as a separate function of the 
sucrose concentrations. Figure 2E rep- 
resents the total output as a function of 
sucrose concentration, and the general 
form of this curve is similar to that 
found by Guttman. However, we can 
see that the total output is analyzable 
into four contributing dimensions, each 
being a different function of the experi- 
mental variable. 

Tempo. This is an invariant, remain- 
ing the same throughout the range of 
concentrations (Fig. 2C). It was also 
discovered that tempo did not change as 
the animal approached satiation; a fact 
that is supported by earlier findings in 
this laboratory, as well as by the data 
of Skinner (7), Young (9), and Sidman 
and Stebbins (6). This invariant char- 
acter of tempo seems to be true for both 
PR and continuous schedules. The gen- 
eralization is that, when the animal 
works at a task, he works at a tempo 
that is characteristic of him and that is 
unaffected by the nature of his rein- 
forcers or the extent of his deprivation. 

Another characteristic of tempo seems 
to be its moment-to-moment invariance. 
In our laboratories we investigated the 
consistency of tempo from day to day 
and from time to time within a day’s 
run. Reliability coefficients, represented 
by linear rs, are in the neighborhood of 
.98.° There is great variability in tempo 
between animals, and negligible variabil- 
ity within animals from time to time. 


8’ This work was done with W. T. James of 
the University of Georgia, and reported to the 
Southern Society of Philosophy and Psychol- 
ogy, Atlanta, April, 1954. James is primarily 
responsible for the design of the liquid rein- 
forcing apparatus which was used 





278 Tuomas F. GILBERT 











20 60 
=, 
F A ie, ° 
> 2 ' 
~ & 
é 8 sh 
: z \ 
a 
\ 
ol E. 


4 8 16 32 Q 4 8 16 32 
PERCENT CONC. SUCROSE PERCENT CONC. SUCROSE 


vy 
°o 
w 
° 
°o 














B | 
: | AE 
bp 2 | i 
4 a S } 
on rs 
= > F tn 2 
> Pa =a 
= / / z \ 
g v / = / 
3 s g / 
3 ; 2 Fd 
D / 
3 5 i. 
z d 
uo 
g d 
e — 32 _ 4 r 16 
PERCENT CONC. SUCROSE PERCENT CONC SUCROSE 


oO 
~—* 9 
O 


Fic. 2. Data illustrating how output of bar- 
pressing as measured by gross rate or fre- 
quency is an expression of variations in four 
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Latency. In the sucrose investigation, 
it was discovered that latency is a nega- 
tively accelerated, decreasing, monotonic 
function of reinforcing concentrations 
(Fig. 2A). This is a finding supported 
by too many investigations to need men- 
tioning. The well known variability in 
latency measures was also observed here. 

Perseveration. This was found to be 
an increasing, negatively accelerating, 
monotonic function of sucrose concen- 
tration (Fig. 2B). Actually, variations 
in perseveration determine the greater 
part of the variations in total output, 
and seem to be the most sensitive and 
reliable indices of performance variabil- 
ity. The reliability of these measures 
is quite high. As the animal approaches 
satiation, he perseveres less and less at 
the task, and this fact probably deter- 
mines the negative acceleration of most 
work curves. 

Duration. In the sucrose reinforce- 
ment experiment the animals were al- 
lowed to work a fixed time, so that all 
animals did not reach a reasonable cri- 
terion of satiation. However, estimates 
from these data combined with other 
data taken in our laboratory suggest the 
following conclusions: Duration is a 
positively accelerating, decreasing, mono- 
tonic function of sucrose concentration. 
The greater the concentration of sucrose, 
the earlier does the animal become sati- 
ated (Fig. 2D). However, as depri- 
vation is increased, duration becomes 
greater—a fact that should be disturb- 
ing to anyone who would point to the 
similarity of the effects of drive and re- 
inforcement on the form of total output 
curves. 

A brief summary of data from the 
human plunger-pushing apparatus, de- 
scribed above, may serve to indicate 
some of the generality of these pro- 
cedures and their outcome. The human 
subject is requested to push the plunger 
to work for points. He receives one 
point after the first 200 plunger pushes, 
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trating the constancy of tempo and the way 
in which total output is determined by varia- 
tion in different dimensions. A_ represents 
three human Ss pushing a plunger to earn 
grade points. B represents one rat working 
for two different concentrations of sucrose. 


and then no more. He is allowed to 
work as long as he wishes. Figure 3A 
represents the cumulative recordings of 
this work for three different Ss. Fig- 
ure 3B represents the curves of a typi- 
cal rat working for different amounts of 
sucrose. As can be seen, tempo is in- 
variant in all Ss, and tempo, persevera- 
tion, and duration all serve to determine 
the final output.* 


Some IMPLICATIONS OF THIS ANALYSIS 


Consideration of Statistics 


It is commonly believed that statisti- 
cal analysis is a necessity in the be- 
havior laboratory. A few investigators, 
such as Skinner, have presented persua- 
sive arguments to the contrary. In spite 
of these arguments, however, data are 


* Skinner (7) once demonstrated the use of 
a water operant. The curves he presents are 
similar to those here, and the constancy of 
tempo can be readily seen, although his tech- 
nique was slightly different. He rejected the 
water operant partly on the grounds of the 
irregularity of the curves obtained. The ir- 
regularity indicated breaks in the work pe- 
riods, 
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often so variable as to appear under- 
standable only by way of statistical 
analysis. It is usually assumed that this 
great variability is produced by uncon- 
trolled and unknown “random” condi- 
tions in the laboratory, and that statisti- 
cal analysis allows us to estimate and 
account for these “random” effects. I 
shall not deny the grounds for the va- 
lidity of this assumption; however, I be- 
lieve that this is a much overworn argu- 
ment. I contend that the compound 
nature of much of our measurement is 
an important source of data variability. 
In the experiment described above, we 
obtained curves shaped like those of 
Guttman (3). However, with twelve 
animals a statistical analysis yielded no 
significant Fs. Guttman had to use 
several dozen animals to obtain Fs that 
were only moderately significant. When 
we analyzed the perseveration scores 
separately, there was no question about 
statistical significance. Such significance 
was found using the analysis of vari- 
ance, but it was quite obvious without 
the use of statistics. This was more re- 
markably the case with tempo scores. 

If, as I have contended, an animal’s 
tempo is invariant under a wide range 
of experimental conditions, it can only 
serve to attenuate differences in total 
output scores produced by experimental 
variation. If an animal spends most of 
his time at a task, and if he works at 
a tempo unaffected by the experimental 
conditions, the tempo will be the great- 
est determinant of the total output 
measure. The output score will then 
consist of a component reflecting not ex- 
perimental variations but great interin- 
dividual differences. In the language of 
statistics this could only serve to in- 
crease the “error term.” 


Misleading Characteristics of Total Out- 
put Measures 


To exemplify the greater need for the 
type of analysis I have proposed, an 
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experiment by Fink and Patton (2) 
will be scrutinized. These investigators 
studied the effects of changes in the 
population of stimuli on the decrement 
of conditioned drinking behavior. Rats 
were taught for five days to drink from 
a burette. On the sixth day various 
kinds and degrees of stimulus changes 
were made in the drinking box, and 
measurement was made of the water in- 
take during the first two minutes fol- 
lowing the stimulus changes. It was 
concluded that “the greater the number 
of stimulus components changed, the 
greater the response decrement” (2, p. 
27). The findings of this experiment 
are interpreted by the authors as giving 
support to the S-R contiguity theory. 
The authors note that their measure 
could reflect either rate or amplitude, 
and point that that the Estes-Burke be- 
havior models have not yet made differ- 
ential formulations for rate and ampli- 
tude. However, it is important to notice 
that rate is not, itself, a simple measure. 
Should we assume that their data re- 
flect no changes in amplitude, the inter- 
pretation would remain quite difficult. 
The decrement in the drinking reflex 
could be due to changes in latency. 
Perhaps the animals were “startled.” If 
the decrement did not reflect latency 
changes, but decreasing tempo, the 
meaning of the findings should be con- 
siderably changed. Similarly, changes 
in perseveration or duration would be 
reflected in the total output during the 
two minutes and would deserve different 
interpretations. If “amplitude” changes 
account for the decrement, it must be 
shown whether these changes were in 
intension or extension. Precision in 
mathematical and verbal formulations 
of theory must always follow precision 
in the measurements on which they are 
based. Otherwise, the precision is spe- 
cious indeed. 

The Fink and Patton experiment is 
only illustrative. The amount of pos- 
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sibly misleading output data appearing 
in behavioral journals would require a 
separate review. Experimentation on 
work may serve as another general ex- 
ample. Data from work experiments 
are notoriously variable and the uncon- 
tradicted conclusions about this field are 
few. Output measures are favored, and 
they reflect each of the proposed dimen- 
sions as they combine to yield a total 
score. Precise answers about, say, opti- 
mum rest periods will await the study 
of the effects of these rest periods at 
different tempos, perseverations, dura- 
tions, intensions, and extensions. Simi- 
larly, questions about optimum tempo 
will have answers dependent upon the 
relationship of tempo to perseveration, 
duration, extension, etc. 


A Word About “Mental Tests” 


Intelligence test com- 
pounds, not only of measurements of 
different operants, but of various dimen- 
sions of several of the separate operants. 
Thus, the Wechsler-Bellevue Digit Sym- 
bol test score will vary as the examinee 
perseveres during the task, as a func- 
tion of his tempo, as a function of la- 
tency, as a function of direction (ac- 
curacy) and perhaps as a function of 
intension and extension when he uses 
the pencil. Only duration is fixed. Two 
identical Digit Symbol scores may have 
entirely different meanings as a result. 
Whatever questions concerning the con- 
struction of ratio-scales of measurement 
exist, one thing seems clear: If scores 
are constructed from the undifferenti- 
ated combinations of seven different 
ratio scales, no one may _ reasonably 
hope that the result will be a ratio 
scale, regardless of what further opera- 
tions are performed upon these scores. 
No two IQs are ever likely to mean the 
same things when such measurements 
are uncritically combined. Even when 


scores are 


the tests seem to meet the criteria of 
ratio scales, as the Stanford version of 
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the Binet-Simon so nearly does,’ the 
comparisons are still meaningless in any 
but the crudest sense. This is not be- 
cause the tasks required are different, 
since they can all be considered as be- 
longing to the same task class; it is be- 
cause the tasks are measured differently 


or by compound procedures. Equal 
things, measured differently, are not 
equal. 


SUMMARY 


Seven dimensions of an operant were 
described as fundamental in the sense 
that other operations of behavior meas- 
urement are reducible to these seven 
and the seven are not further reducible 
within the realms of behavioral dis- 
course. Certain operating assumptions 
were outlined as a basis for the analysis. 

The seven dimensions are (a) latency, 
defined as the time between opportunity 
for an operant and its initial occurrence; 
(b) tempo, defined as the rate of emis- 
sion of a continuously ongoing operant, 
or the period of a single operant; (c) 
perseveration, defined as the proportion 
of the time from the occurrence of the 
first operant to the completion of the 
last in which operants are actually oc- 
curring; (d) duration, the total time 
from the initiation of the first operant 
to the completion of the last; (e) in- 
tension, the amount of movement that 
takes place in an operant involving some 
specified part of the organism’s topog- 
raphy; (f) extension, the degree of the 
topography involved in an operant; and 
(g) direction, i., of the organism’s 
movement with respect to some fixed 
reference point. 

Empirical characteristics of several of 
these dimensions were described. An 
experiment, partly modeled after Gutt- 


5E. E. Cureton, personal communication 
Cureton has shown how this test has nearly 
equal SDs from the ages of 3 to 13, and how 
the scale; if extrapolated, places zero M.A. at 
birth. 
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man’s (3) work on sucrose as a rein- 
forcer, was performed to indicate how 
each of several dimensions may be a 
different function of an experimental 
variable, and combine to give a peculiar 
output function. Implications of the 
analysis were discussed, with particular 
reference to the pitfalls of uncritically 
combining the dimensions. 
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In recent years considerable attention 
has been given to the question of how, 
and to what extent, learning may influ- 
ence perception. Most frequently this 
question has been answered by recourse 
to intervening constructs such as organi- 
zations, hypotheses, assumptions, sche- 
mata, etc., as mediators of changes in 
the perception of a given stimulus as a 
function of experience. This approach 
has been aptly termed by Gibson and 
Gibson (16) the “enrichment theory,” 
since it takes “for granted a discrep- 
ancy between the sensory input and the 
finished percept and . . . aim[s] to ex- 
plain the difference. . . . The develop- 


ment of perception must then neces- 
sarily be one of supplementing or in- 


terpreting or organizing’ (16, p. 33). 
Against this view the aforementioned 
authors oppose an interpretation of their 
own, emphasizing progressive differentia- 
tion of the stimulus as the essential ele- 
ment in percepttmtlearning. According 
to this “specificity theory,” 


. we learn to perceive in this sense: that 
percepts change over time by progressive 
elaboration of qualities, features, and dimen- 
sions of variation. . . . Perceptual learning, 
then, consists of responding to variables of 
physical stimulation not previously responded 
to (16, p. 34). 


This thesis, as elaborated in their pa- 
per, did not long remain unchallenged. 
In an extended critique by Postman 
(30), it was argued that the specificity 
theory begged the question of learning, 


1 This paper was written in part during the 
author’s tenure of a NSF postdoctoral fel- 
lowship at the University of Geneva. The au- 
thor is indebted to Jan Smedslund for a criti- 
cal reading of the manuscript. 
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ie., of Aow the increased differentiation 
of the stimuli was mediated so as to re- 
sult in differential responses. In this 
connection Postman maintains that “the 
changes in response are part and parcel 
of the problem of_,perceptual learning. 
The need to account for changes in re- 
sponse inevitably endows the problem of 
perceptual learning with an associative 
component” (30, p. 442). But even 
taking the specificity hypothesis as a 
descriptive generalization of the results 
of perceptual learning, Postman argues 
that it is of rather limited generality: 
for instance, it cannot account for the 
perception of signs and symbols. 

It seems impossible to evaluate these 
criticisms without some more clearly 
specified criterion of perceptual learning 
than is provided by either of the par- 
ties to this dispute. Thus the question 
whether perceptual learning is a matter 
of attaching responses to stimuli de- 
pends on the nature of the S-R relation- 
ship that is to be learned.: In a typi- 
cal paired-associate learning task—e.g., 
learning to identify a set of unfamiliar 
faces by name—it is evident that the 
association of the correct response plays 
a major part in the learning process. 
This is not to deny, of course, the pos- 
sible role of perceptual processes, but it 
is in the very nature of the case that 
these two aspects cannot be disentan- 
gled. In a situation, on the other hand, 
in which the subject makes judgments 
of “same” or “different,” the attaching 
of responses need hardly be considered, 
as will be shown below. As for Post- 
man’s second criticism, one is inclined 
to agree that in the learning of mean- 
ingful signs and symbols a stress on the 
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differentiation of characteristics of the 

stimulus is generally beside the point. 

The question, however, is whether a 

theory of perceptual learning need, or in 

fact should, encompass this kind of task 

at all. The answer again hinges on the 

criterion for classifying a learning task 

as perceptual. 

It is thus the intent of this paper to 
propose such a criterion, which will 
help us in evaluating the arguments 
brought forth in this controversy and, 
more important, enable us to undertake 
a more systematic analysis of the na- 
ture of perceptual learning in a variety 
of specific situations. 


A CRITERION FOR PERCEPTUAL 
LEARNING 


In formulating this criterion, our main 
aim will be to exclude from considera- 
tion situations which necessarily involve 
the formation of new stimulus-response 
associations, since in such situations 
the responses cannot be used to index 
changes on the perceptual side. Accord- 
ingly, the basic ingredient for our defi- 
nition of perceptual learning will be the 
use of responses which have previously 
been established to a class of stimuli or 
to a stimulus relationship; if the stimuli 
which are to be discriminated represent 
instances of this class or relationship, 
the response to it meed not then be 
newly associated. Perceptual learning 
might thus be regarded as the devel- 
opment of a transfer of a previously 
learned set of responses to a new set of 
stimuli, the possibility for this transfer 
inhering in the physical characteristics 
of the stimuli. In other words, each 
stimulus to be discriminated must be 
classifiable, gua physical stimulus, into 
the class of stimuli to which the corre- 
sponding differential response is preat- 
tached, and similarly for stimulus rela- 
tionships. 

By this definition, then, paired-asso- 
ciate learning and similar tasks are left 
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outside the province of perceptual learn- 
ing situations. We will return later to 
the problem of assessing the role that 
perceptual learning may play in such 
tasks. For the moment it may be noted 
that this restriction likewise excludes 
the learning of signs and symbols, so 
that Postman’s second criticism, referred 
to above, is avoided. 

In a more positive sense, the criterion 
proposed above has the advantage of 
confronting us with a clear-cut issue 
concerning the nature of perceptual 
learning. An associational basis is no 
longer forced upon us; instead, two al- 
ternatives now emerge. On the one 
hand, the transfer which the situation 
provides for may take place in fact. In 
this case perceptual learning may be in- 
terpreted in terms of progressively more 
effective abstraction of those features of 
stimulation which represent the basis 
for the transfer of the correct response. 
On the other hand, this response may 
be established through association, di- 
rect or mediated, with any differentiat- 
ing aspect of the respective stimuli, 
through differential reinforcement. 

Although the first alternative leaves 
open the precise nature of the mecha- 
nism by which the transfer comes to be 
established, it entails a variety of ex- 
perimental consequences serving to dis- 
tinguish it from the second alternative. 
One of these may be stated at the out- 
set: if associational mechanisms are in- 
volved, learning should take place only 
as a function of external reinforcement 
—i.e., the subject’s response must have 
some consequence informing him of its 
correctness or aptness. But such rein- 
forcement need not intervene in learn- 
ing which conforms to the first alterna- 
tive, since this is essentially a generali- 
zation phenomenon. Other implications 
of this distinction will be brought out 
below, in the discussion of specific ex- 
perimental problems. 
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This brings us back to the interpreta- 
tion of perceptual learning offered by 
Gibson and Gibson (16). Their speci- 
ficity theory, based on stimulus differ- 
entiation instead of mediational proc- 
esses, may be classed with our first alter- 
native (perceptual learning as transfer, 
through abstraction of relevant aspects 
of the stimulus), while the “enrichment 
theory” to which they oppose themselves 
conforms to the second (perceptual 
learning through association). 

The above two formulations of per- 
ceptual learning may, then, be said to 
differ with respect to their conceptions 
of what is learned. As the Gibsons 
note in their reply to Postman (17), it 
is precisely this question which. their 
specificity hypothesis is meant to clarify. 
In order to explore this question more 
specifically, however, it will be essential 
to examine a variety of particular situa- 
tions. Indeed, we shall see presently 
that the answer to this what-is-learned 
question depends to a considerable ex- 
tent on the particular discriminative 
judgment made by the subject. 


ANALYSIS OF PERCEPTUAL 
LEARNING SITUATIONS 


It is evident that, by the very na- 
ture of the criterion adopted, perceptual 
learning must be considered relative to 
a particular set of available responses. 
For the purposes of the following sur- 
vey, therefore, the various kinds of 
situations will be differentiated accord- 
ing to the type of discriminative re- 
sponse demanded of the subject. 

On this basis three broad categories 
of tasks may be distinguished: discrimi- 
nation of identity vs. difference, quanti- 
tative discriminations, and qualitative 
discriminations. Each of these last two 
can be further subdivided into a general 
and a specific type. Thus we have, with 
respect to the quantitative category, 
judgments of relationship and ordered 
magnitude judgments: and, with respect 
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to the qualitative category, categoriza- 
tion and identification. 
Tvpe I: Identity vs. Difference 

This type represents undoubtedly the 
most basic kind of discrimination; it 
is applicable to any stimulus material 
whatever, simple or complex, familiar or 
unfamiliar. For this reason it lends it- 
self ideally to the study of perceptual 
learning; yet the Gibsons, in their ex- 
ploratory experiment illustrating their 
specificity hypothesis (16), seem to be 
the only ones to have realized the pos- 
sibilities of this form of discriminative 
judgment for the investigation of per- 
ceptual learning. 

The study of this type of differentia- 
tion requires only the prior acquisition 
of the differential responses to identity 
and difference in a of stimuli. 
These responses are, furthermore, com- 
pletely nonspecific with respect to the 
aspects of the stimuli to which they 
any differentiating characteristic 
among the set of stimuli constitutes a 
potential basis for the response. The 
abstraction of such a characteristic is 
therefore a necessary and sufficient con- 
dition for the transfer of the response, 
so that intervening associative processes 
may be considered beside the point. For 
this tvpe of learning, in fact, reinforce- 
ment may be altogether unnecessary, as 
was the case in the experiment by the 
Gibsons just cited. In a sense their hy- 
pothesis is thus true here by definition: 
in this situation perceptual learning nec- 
essarily consists in making finer dis- 


group 


refer: 


criminations among the sources of varia- 
tion present in the stimuli. 


2For nonverbal subjects, these 
could be established through preliminary train 
the matching-from-sample or oddity 

ues, directed at the formation of learn- 
ing sets. The success which m 19) 
and even birds (24, 27) have had in solving 
problems of this type argues itself for the 
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It is possible, however, to interpret 
this hypothesis in a more specific sense, 
ie., as postulating discrimination along 
continuous dimensions of variation, as 
opposed to the isolation of discrete cues. 
Thus, in learning to differentiate a set 
of faces, does the observer pick out in- 
dividual details (a crooked nose, a 
double chin, etc.), or does he discrimi- 
nate dimensional differences (width of 
mouth, ratio of distance between eyes 
to that between forehead and chin, 
etc.)? The importance of this question 
lies in the fact that the generalizability 
of the learning is dependent on which 
of these two forms of learning occurs. 
If the discrimination is dimensional, the 
learning should transfer to a new sam- 
ple of faces, whereas little or no trans- 
fer is to be expected from the isolation 
of specific cues. 

It appears likely that the complexity 
of the stimuli will determine in large 
measure the extent to which dimensional 
aspects of the stimuli will be discrimi- 
nated. Thus the nonsense shapes gen- 
erated according to information-theory 
principles (6) suggest themselves as 
promising materials for the study of this 
question. 


Type II: Judgments of Quantitative Re- 
lationships 


Here we find represented the work 
on the reduction of simple differential 
thresholds through practice, which ac- 
counts for a considerable portion of the 
perceptual learning literature (cf. the 
review by E. Gibson [10]). But this 
category includes in addition a variety 
of more complex problems, such as 
the perceptual constancies, illusions, etc. 
The essential element is the presenta- 
tion of stimuli varying on some physi- 
cal dimension, in accordance with one 
of the classical psychophysical methods 
(other than that of single stimuli), or 
some other procedure involving com- 
parative judgment. An additional re- 
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quirement, following from our definition 
of perceptual learning, is that the sub- 
jects have previously applied the re- 
sponse categories to the dimension 
which is manipulated. Although this 
stipulation rarely presents a problem 
with verbal subjects, it does create a 
judgment situation somewhat different 
from that in Type I. 

In order to illustrate the character- 
istic features of this type of judgment, 
let us consider a subject who has been 
asked to judge the relative distance of 
two objects. The first point to be noted 
is that, in contrast to Type I situations, 
the differential responses refer now spe- 
cifically to a particular physical dimen- 
sion. But in the subject’s prior experi- 
ence with this dimension, a complex of 
sensory information, both dimensional] 
(e.g., linear perspective, gradients of 
texture) and nondimensional (e.g., :in- 
terposition), has necessarily been cor- 
related with the physical dimension of 
distance. One might say, in fact, that 
the concept of distance, connotatively 
considered, is linked to this complex of 
stimulation. 

Accordingly, in order to show im- 
provement due to practice in his dis- 
tance judgments, our adult subject need 
only scan the stimulus field more effec- 
tively, so as to abstract some of this 
correlated information. This view would 
seem to represent the position taken by 
the Gibsons on the problem of per- 
ceptual learning. Essentially descriptive 
though it remains, such an interpreta- 
tion may yet be strengthened against 
the charge of circularity, to the extent 
that the experimenter succeeds in speci- 
fying the particular variables of stimu- 
lation which are being differentiated in 
this situation. The exploration of such 
variables is of course the aim of the 
“global psychophysics” advocated by 
Gibson (15). 

Are other explanations for the learn- 
ing observed in this situation possible? 














DEFINITION AND ANALYSIS 


If this learning took place in the ab- 
sence of external reinforcement, it is 
difficult to conceive what they might be, 
‘except perhaps for general warm-up or 
learning-to-learn effects. The associa- 
tional alternative, in any case, would 
scarcely be applicable, since the forma- 
tion of S-R associations would seem to 
presuppose some reinforcing agent. 

If, on the other hand, reinforcement 
is given, the associational hypothesis 
clearly becomes relevant. Learning may 
consist, then, in a direct association of 
the correct responses with some arbi- 
trary differentiating cues in the stimulus 
objects. One readily testable implica- 
tion of this formulation may be pointed 
out: it should be possible to establish 
increasingly nonveridical judgments as 
easily as increasingly veridical ones, 
simply by reversing the pattern of re- 
inforcements. Any difference in favor 
of veridical learning would support the 
first explanation, in terms of direct 
transfer through improved differentia- 
tion of relevant stimulus variables. 

Judgments of distance represent, of 
course, only one kind of task, and a 
relatively complex one, among the many 
different problems included under Type 
II. It is relevant to ask, therefore, 
whether the above discussion is appli- 
cable generally to other problems of this 
type. The answer depends on the com- 
plexity of the stimulus correlates of the 
physical dimension selected, in the con- 
text of the situation in which the judg- 
ment is to be made. Where these cor- 
relates are as univariate, as dimension- 
ally simple as the physical dimension 
itself (e.g., the loudness of pure tones 
in a noiseless chamber, the brightness 
of flat surfaces under constant illumina- 
tion), there appears to be no opportu- 
nity for the kind of perceptual learning 
postulated by the specificity hypothesis. 
It is perhaps significant, in this connec- 
tion, that in her extensive review of the 
perceptual learning literature (10), E. 
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Gibson cites no instance of improvement 
in differential thresholds for these in- 
tensitive dimensions. For most sup- 
posedly simple stimulus dimensions, 
however, the sensory input is of a some- 
what higher order of complexity. Par- 
ticularly is this true in the case of 
vision, where there are almost always 
some relationships within the stimulus 
field that vary concomitantly with the 
dimension being manipulated. For ex- 
ample, in as relatively bare a stimulus 
field as that represented by the lines for 
the horizontal-vertical illusion, variation 
of the vertical will be accompanied by 
changes in the (virtual) triangle formed 
by the vertical, the horizontal, and the 
line joining the extremities of these two. 
As for the still more complex, multi- 
variate stimulus fields generally en- 
countered outside the laboratory, it is 
apparent that the opportunity for the 
utilization of a variety of correlated in- 
formation in the proximal stimulus is 
often considerable—a point which the 
Gibsons are at pains to emphasize (16). 


Type Ill: Ordered Magnitude Judg- 
ments 


If, for the relational responses of 
Type II tasks, we substitute an ordered 
set of responses serving to identify the 
magnitude of a corresponding set of 
points on a physical scale, we arrive at 
a Type III task, commonly known as 
scale learning. Two aspects of scale 
learning may be distinguished: the ab- 
solute and the relative. It will become 
apparent that, when only the second of 
these aspects is considered, the general 
nature of the problem resembles in 
many ways that of a Type II task. But 
since scale learning has typically been 
studied in regard to its absolute aspect, 
let us start by examining it. 

Scale learning in the absolute sense 
consists in the identification of the 
points on the stimulus scale in terms of 
their absolute physical magnitude. The 
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difficulty with this aspect, from the 
standpoint of the present approach to 
perceptual learning, is that one can 
rarely be confident that the differential 
responses have been learned beforehand. 
Thus one would first have to establish 
them through training, as E. Gibson 
and her associates have done for judg- 
ments of distance over the ground (11, 
12). It was demonstrated in these 
studies that this training transfers to 
subsequent judgments of a new set of 
points on the same field (11), and even 
to points on a different terrain (12). 
This evidence is, however, of equivocal 
relevance to the question of perceptual 
learning, since the training consisted in 
the establishment of the responses, and 
there was no opportunity for learning 
during the transfer series itself. Gibson 
and Bergman (11), as a matter of fact, 
recognize the ambiguity of their results, 
for they point out that the transfer they 
found may reflect chiefly the improved 
conceptualization of the stimulus scale, 
through a more accurate notion of the 
unit of measurement. 

An alternative possibility, discussed in 
part by these authors, appears of greater 
interest for the study of perceptual 
learning: the subjects may have become 
more accurate in their discrimination of 
the relative ordering of the points, and 
of the relative distances between them. 
This brings us to the relative aspect of 
scale learning, which, although it has 
not been explicitly studied thus far, 
leads itself much more readily to an 
analysis in conformance with our defi- 
nition of perceptual learning. 

For this aspect requires only that the 
subject have learned a set of responses 
conforming to the ordinal, interval, or 
ratio character of the stimulus scale. 
He would then be in a position to ap- 
ply this response set to the perceived 
ordering of the points on the stimulus 
scale, and, where applicable, to the per- 
ceived metric of the scale itself. We 
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would thus be interested primarily in 
the regression, linear or otherwise, of 
the judgments on the objective values, 
and the problem of perceptual learning 
would reduce to the approach of this 
regression to unity. 

The above approach rests, of course, 
on the assumption that the subject’s 
numerical responses reflect. the metric 
character of the perceived magnitudes. 
Garner, Hake, and Eriksen (9) have 
questioned the validity of this assump- 
tion, pointing out that the subjects may 
use the numbers, not in terms of their 
arithmetic relationships, but rather as 
identifying responses, or perhaps as a 
set of ordered responses. The former 
would be true particularly where the 
subject has a record of prior associative 
experience in the application of num- 
bers to different magnitudes on a di- 
mension, as in the case of size, where 
particular values are frequently associ- 
ated with individual objects. 

This is certainly a valid criticism, but 
it may not be critical in the study of 
perceptual learning. For the question 
remains how to account for the improve- 
ment in a set of judgments in a learning 
task. It may be, of course, that the op- 
portunity for the association of num- 
bers with individual points on the scale 
is provided by the learning situation it- 
self. An example of this kind may be 
seen in an earlier study of distance esti- 
mation by Gibson and Smith (13), in 
which it was observed that the subjects 
merely learned to associate specific, iso- 
lated cues on the terrain corresponding 
to a given distance with the verbal re- 
sponse which was reinforced for that 
distance. But it should be possible to 
spot learning of this direct associative 
character by means of transfer tests in- 
volving other points on the scale, or a 
change in context, or discrimination on 
other, correlated dimensions. (In this 
particular study, the authors were in- 
terested in transfer to size-at-a-distance 
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judgments. Not surprisingly under the 
circumstances, none was found.) [If, in 
terms of the relative aspect of the scale, 
such transfer is found, or if learning oc- 
curs without benefit of reinforcement, it 
would seem to justify the inference that 
the subjects actually did learn to per- 
ceive more accurately the relative mag- 
nitude of the points on the scale.* This 
learning is then presumably attributable 
to improved discrimination of relevant 
stimulus variables, so that the problem 
of the nature of perceptual learning be- 
comes essentially equivalent to that dis- 
cussed under Type II situations. 

Since the discussion so far has cen- 
tered almost exclusively on the scale of 
distance over the ground, it is impor- 
tant to note that this scale is not only 
particularly rich in associated variables 
of stimulation, as noted in the previous 
section, but represents a rather special 
case, insofar as all of the points on the 
scale are continually exposed to the sub- 
ject’s view. This property clearly con- 
tributes to the subject’s chances of ef- 
fectively ordering a set of designated 
distances. For other visual scales (area, 
brightness) one might similarly expose 
the scale in its entirety, but for dimen- 
sions on which only one or a few mag- 
nitudes at a time can be exposed (pitch, 
weight), the situation is probably not 
comparable. At the very least it would 
be essential with such scales to present 
anchoring stimuli, identified as such, at 
frequent intervals during the learning 
task. Otherwise the subject’s response 
scale might easily “drift,” thereby ren- 
dering the results quite equivocal with 
respect to the relative aspect of the 
scale judgments. 


3 It is conceivable, to be sure, that the learn- 
ing may reflect the gradual abandonment by 
the subject of preferential response habits, e.g., 
the tendency to respond in round numbers. 
This reservation points to the importance in 
perceptual learning experiments of eliminating 
differential response strengths in advance; cf. 
the discussion of Type V tasks below. 
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Type IV: Categorization 


This type of perceptual learning is 
concerned with the placing of unfamiliar 
stimuli into a set of nondimensional 
categories previously learned by the sub- 
ject. The differential responses are thus 
the concepts representing the categories; 
they are preassociated to a class of 
stimuli sharing certain physical charac- 
teristics, which are present in less readily 
discriminable form in the stimuli to be 
categorized. 

This problem apparently still awaits 
experimental attack, but one way of ap- 
proaching it might be as follows: sets 
of nonsense shapes varying around a 
prototype—as described in the recent 
experiment by Attneave (5)—would be 
selected to establish an artificial set of 
categories; other shapes constructed so 
as to be further removed from their re- 
spective prototypes would then be pre- 
sented for categorization. The question 
here is whether the subjects would, with 
practice, succeed in making the neces- 
sary discriminations along the variables 
on which the categories could be dif- 
ferentiated, or whether the categoriza- 
tion of the new stimuli would proceed 
by direct association, through reinforce- 
ment. This problem is clearly relevant 
to the study of concept formation: does 
a child, in learning to classify a duck 
as a bird, actually discriminate the fea- 
tures of the stimulus object which re- 
late it to other birds with which the 
child is already familiar, or does he 
merely associate the term “bird” with 
this new stimulus? The evidence on 
this kind of question is lacking, how- 
ever. To be sure, a number of concept- 
formation studies have manipulated vari- 
ables relating to the stimulus (e.g., 7, 
26), but the interest has been limited 
to the effect of such variables on the 
speed of acquisition of the concepts, 
rather than on the kind of discrimina- 
tion of the stimuli achieved. 
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Tvpe V: Identification 

The identification of stimuli by re- 
sponses specific to them is one of the 
more frequently studied types of tasks 
in the investigation of perceptual learn- 
ing. Yet, according to our criterion, 
this very specificity of the responses 
creates an apparent problem: if the re- 
sponses are pre-established to the spe- 
cific stimuli which are to be discrimi- 
nated, these cannot, in themselves, be 
unfamiliar. But how can there be any 
room for learning, then? Indeed, the 
only way in which learning can enter 
into such a situation at all is through 
the presentation of familiar stimuli un- 
der conditions which make recognition 
difficult. But under these circumstances 
the problem of perceptual learning be- 
comes a rather different one, involving 
factors which relate to the general per- 
ceptual conditions, or else to the identi- 
fying responses, rather than to the par- 
ticular stimuli presented. 


This point is well illustrated in some 
of the studies employing methods of 


“impoverished stimulation” to make 
recognition difficult (through exposure 
of stimuli tachistoscopically, in the pe- 
riphery of the eye, under dim illumina- 
tion, over a background of noise, etc.— 
cf. the review by E. Gibson [10]). 
Thus, in the study by Howes and Solo- 
mon (21) on the recognition of words 
in the tachistoscope, the words in the 
second half of the list were identified 
more readily than those in the first half, 
although the words in the two halves 
were not the same. This finding re- 
flects thus a generalized practice effect, 
attributable to mechanisms of a pe- 
ripheral nature perhaps, such as recep- 
tor adaptation or changes in focusing re- 
sponses. 

A factor of a rather different sort, re- 
lating to the response system, may also 
manifest itself in this type of situation. 
Where a considerable number of re- 
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sponse alternatives are available to the 
subject, these may not be equal in 
strength initially. Learning may then 
consist primarily in the gradual elimi- 
nation of these preferential response 
habits. This appears to be the explana- 
tion, for instance, for at least part of 
the learning which occurred in Seward’s 
study of letter recognition (31), in 
which subjects tended to limit their re- 
sponses to but a portion of the alphabet 
at the beginning. 

While one may devise ways of con- 
trolling for these extraneous factors 
(e.g., response strength can be equated 
by making all required responses avail- 
able to the subject throughout the task), 
it is doubtful whether studies employing 
impoverished stimulation methods will 
yield much information of value to the 
study of perceptual learning. There are, 
however, a variety of other ways of 
making recognition difficult. For in- 
stance, the usual brightness relation- 
ships in the stimulus may be reversed, 
by the use of photographic negatives. 
Alternatively, objects may be presented 
from unfamiliar angles or in unfamiliar 
contexts, and, more particularly, in mo- 
tion (cf. 14). If this kind of task gives 
rise to a learning process, it may be of 
considerable interest in its own right for 
the study of perceptual learning. But 
it is apparent that learning in a situa- 
tion of this sort is not easily handled 
either in terms of the differentiation of 
variables of stimulation or in terms of 
associative processes. This type of task 
has, however, been investigated much 
too little to justify speculation as to the 
nature of possible learning effects. 


THE PERCEPTUAL ASPECT OF PATRED- 
ASSOCIATE LEARNING 


In view of the important role often 
played by perceptual processes in the 
association of new responses to a set of 
stimuli, a criterion for the investigation 
of perceptual learning which seemingly 
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eliminates this problem from considera- 
tion may well be objected to as unduly 
restrictive. But it has been argued here 
only that it is not useful to study the 
paired-associate task itself as a percep- 
tual learning situation, due to the con- 
founding of perceptual and response 
variables. One may still apply the ana- 
lytic framework developed in this paper 
to this problem, by examining the re- 
sults of such a learning process with re- 
spect to the differentiation of stimuli 
that has taken place. This procedure 
may help, in fact, in clarifying some 
issues in the study of paired-associate 
learning. 

Consider the work on the problem of 
stimulus predifferentiation, recently re- 
viewed by Arnoult (4). This problem 
is concerned with the generally positive 
transfer effects obtained by establishing 
verbal responses to a set of stimuli, prior 
to the association of a different set of 
responses (typically motor) to the same 
stimuli. As Arnoult points out in his 
review, the nature of this phenomenon 
remains obscure, and there are at pres- 
ent not even sufficient grounds for choos- 
ing between a stimulus-differentiation in- 
terpretation and other alternative ex- 
planations which have been proposed to 
account for it. It seems plausible to 
relate this equivocal conclusion to the 
ambiguity inherent in the situation it- 
self, with respect to the role of percep- 
tual processes. 

This role could be studied more di- 
rectly by testing for the differentiation 
of the given set of stimuli on one or 
more relevant perceptual dimensions, be- 
fore and after the association task. One 
would then be able to decide what has 
been learned about the stimuli during 
the course of the paired-associate learn- 
ing, and thus to correlate the extent and 
kind of differentiation achieved with the 
learning in the transfer task. 

The design just proposed actually re- 
sembles that used in the studies by 
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Arnoult (3) and Hake and Eriksen 
(18). Parts of these two studies con- 
cerned the effect of the association of 
letters of the alphabet to sets of non- 
sense shapes on the subsequent recog- 
nition of these shapes on a same-differ- 
ent basis. But this particular basis is 
not very revealing, since the mastery of 
the association task already implies that 
the stimuli have been differentiated from 
one another. The fact that in both 
studies the results were actually nega- 
tive may thus seem rather puzzling— 
indeed, they have been cited as negative 
evidence on the question of stimulus 
predifferentiation. The paradox disap- 
pears, however, when we realize that in 
the recognition task of both studies new, 
arbitrarily chosen stimuli were intro- 
duced along with the old ones. Thus 
in order to expect transfer in this situa- 
tion one would have to assume that the 
subjects had learned more about the 
training stimuli than was in fact re- 
quired to differentiate them. 


“EXTRINSIC” vs. “INTRINSIC”? CUES 
IN PERCEPTUAL LEARNING 


The approach to the problem of per- 
ceptual learning presented in this paper 
is intended chiefly for the analysis of re- 
stricted experimental situations, involv- 
ing perceptual judgments under con- 


trolled practice. Yet some of the ma- 
jor issues in perceptual learning refer to 
the process by which the individual, dur- 
ing the course of his development, comes 
to perceive the world as he does. In 
fact, the contrast between “enrichment” 
and “differentiation” processes deline- 
ated by Gibson and Gibson appears to 
be directed at conceptions of perceptual 
development in this more general sense. 

But since the acquisition of the re- 
sponses to stimuli must form an integral 
part of the process of development, it 
becomes difficult in this case to isolate 
the perceptual aspect of what is termed 
“perceptual learning.” Thus, insofar as 
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this long-term learning is concerned, the 
Gibsons’ opposition between enrichment 
and differentiation may not be entirely 
warranted. There are undoubtedly two 
mutually dependent processes going on 
simultaneously: increasing differentia- 
tion of stimuli on the one hand, and 
development of intervening structures, 
such as proposed in “enrichment” theo- 
ries to mediate the resulting discrimi- 
nations, on the other hand. 

Yet in one respect it seems possible 
to formulate a fairly sharp difference 
between the major empiricist interpreta- 
tions of perceptual learning and the 
Gibsons’ specificity theory. This differ- 
ence, which parallels closely that pro- 
posed earlier between direct transfer and 
response association as bases for per- 
ceptual learning, concerns the type of 
features of the stimulus which the in- 
dividual learns to discriminate. 

One may distinguish, in effect, be- 
tween those aspects of the stimulus 
which are extrinsic and those which are 
intrinsic to.a particular judgment. The 
Gibsons are clearly concerned with the 
intrinsic stimulus correlates of percep- 
tion—intrinsic in the sense that these 
aspects of the proximal stimulus in- 
variably reflect the particular aspect of 
the physical environment which is be- 
ing judged, by the very nature of the 
sensory apparatus and of the physical 
energies impinging on it. For example, 
the edges of a road seen from differ- 
ent heights will necessarily converge to- 
wards the horizon at differing angles 
(cf. 15, p. 140). Thus the angle of 
convergence constitutes an intrinsic cor- 
relate of perceived height. These cor- 
relates are therefore independent of ex- 
perience with specific objects or in spe- 
cific environments. 

In contrast, the functionalists, as rep- 
resented by the transactional school 
(22) or by Brunswik’s probabilistic 
functionalism (8), do not differentiate 
between such intrinsic information and 


WoHLWILL 


that conveyed by objects or environ- 
mental features of a more extrinsic type 
with which the subject may have come 
into contact. Thus, for Brunswik, per- 
ception is a matter of the utilization of 
cues of varying degrees of “ecological 
validity,” whatever their origin. Simi- 
larly, the assumptions of the transac- 
tionalists are based in part on experi- 
ence with particular meaningful objects 
(e.g., the typical sizes of ping-pong and 
billiard balls [20]) and in part on ex- 
perience with universal aspects of stimu- 
lation (e.g., the successive stimulation 
of adjacent points on the retina due to 
a moving object [34]).* 

The question which emerges from 
these two opposing viewpoints is the 
following: are extrinsic and _ intrinsic 
cues functionally equivalent, or are 
there differences, quantitative or quali- 
tative, in the roles played by these two 
kinds of information? With respect to 
the basic stimulus dimensions of the 
physical world, at least, such differences 
are surely not altogether implausible. It 
seems conceivable, at any rate, that the 
nature of the perceptual mechanism of 
the organism is such as to predispose 
him automatically to respond to infor- 
mation of the intrinsic type, on account 
of its very reliability. 

In order to answer this question, the 
two types of cues must be put into con- 
flict with each other, as in Slack’s (32) 
study of the size estimation of normal, 
over-, and undersized chairs in the pres- 
ence of the ordinary cues to distance. It 


*In Ames’ (2) rotating trapezoidal window 
effect, both of these kinds of cues are invoked. 
There is, on the one hand, experience with 
windows and rectangular objects, and on the 
other hand, experience with perspective trans- 
formations in general. It is of interest that 
Allport and Pettigrew (1) have recently 
thrown doubt on the former of these experi- 
ential factors by showing that amount of ex- 
perience with windows and rectangular forms 
is to a large extent unrelated to the percep- 
tion of this illusion, 
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was found that the judgments were dis- 
placed somewhat towards the assumed 
size of a chair, although the true sizes 
of the stimuli accounted for the major 
portion of the variance in these judg- 
ments by far. But this study tells us 
little about the actual learning processes 
that may be reflected here, as we are 
only shown its end result.® 

A more direct line of attack on this 
problem would be to juxtapose extrinsic 
and intrinsic cues in a perceptual learn- 
ing experiment. Thorndike, in explora- 
tory and rather sketchily documented 
work (33, pp. 77 ff.), has in effect em- 
ployed this method, demonstrating, for 
instance, that through arbitrary associa- 
tion with an irrelevant cue (shape), non- 
veridical judgments of area could be in- 
duced. The relative importance of the 
two types of information could similarly 
be assessed by correlating them in 
perceptual learning task, and rendering 
the extraneous cue irrelevant, or even 
reversing it, once the discrimination 
had been established. Of perhaps even 
greater interest might be the introduc- 
tion into a perceptual learning experi- 
ment of a readily discriminated extrane- 
ous cue under probabilistic reinforce- 
ment. Subsequent tests with this cue 
removed would indicate to what extent 
the subject relies on highly visible 


though relatively unreliable cues, in 


5 This shortcoming applies more generally t 
the experimental work emanating from the 
empiricist position. Apart from some animal 
studies, few learning experiments have been 
carried out by these psychologists, as Gibson 
and Gibson (16) point out. Apparent excep- 
tions to this statement are the recent studies 
by Kilpatrick (23) and Weiner (35) on learn 
ing in the distorted room, and—representing a 
somewhat different position—by Kohler (25) 
on adaptation to the wearing of reversing and 
distorting lenses. But these are really unlearn 
ing experiments, in which firmly established 
responses require modification due to altered 
stimulus conditions. They can thus not be 
assumed to represent the process of perceptual 
learning as it develops originally. 
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preference to possibly quite subtle but 
perfectly reliable sensory information. 
This kind of investigation might thus 
be expected to throw light on the rela- 
tive merits not only of the enrichment 
and differentiation hypotheses of per- 
ceptual learning but also, by extension, 
of the psychophysical as compared to 
the functional approaches to perception 
generally. 

Lastly, it may be noted that there is 
a definite connection between the notion 
of intrinsic and extrinsic cues and the 
two alternative interpretations of per- 
ceptual learning developed on the basis 
of our criterion. Once a response to a 
dimension has been established, the pos- 
sibility for learning on a stimulus-trans- 
fer basis, without reinforcement, is de- 
pendent on the presence of intrinsic cues 
which are initially imperfectly differenti- 
ated. As for the associative type of 
learning, it is clearly based on the uti- 
lization of extrinsic cues. The postula- 
tion of these two types of cues appears, 
however, to be relevant mainly to dis- 
criminations along physical dimensions, 
while the distinction between the two 
varieties of perceptual learning may be 
applied more generally, e.g., to cate- 
gorization learning (cf. the discussion 
of Type IV situations, above). 

SUMMARY AND CONCLUSIONS 

this paper has 
been to suggest a criterion for percep- 
tual learning which will allow a concep- 
tual distinction between learning based 
on perceptual functions and that based 
on response association. The approach 
suggested is to regard perceptual learn- 
ing as the development of a generaliza- 
tion of a previously established differ- 
ential response to a new stimulus. Thus 
defined, perceptual learning does not re- 
quire the formation of new S-R asso- 
ciations and, in contrast to associative 
learning, may occur in the absence of 
external reinforcement. 


The primary aim of 
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An examination of five types of judg- 
ments in the light of this definition 
brought out a number of specific test- 
able problems with regard to the nature 
of perceptual learning, but the evidence 
concerning them is for the most part 
either unavailable or inadequate on 
methodological grounds. In several in- 
stances, the relevance of the “specificity 
hypothesis” advanced by Gibson and 
Gibson (16) was noted. This hypothe- 
sis, which describes “what is learned” in 
perceptual learning as an increased dif- 
ferentiation of variables of stimulation, 
may be of particular predictive value 
where the aspects of the stimulus which 
will be differentiated can be specified. 
Finally, an experimental approach to 
the Gibsons’ opposition between “en- 
richment”’ and “differentiation” theories 
of perceptual learning was suggested, 
through the opposition of intrinsic and 
extrinsic cues in the learning of a. dis- 
criminative response. 

This paper, like that of the Gib- 
sons, has sidestepped the question of 
the processes and mechanisms within 
the organism which mediate perceptual 
learning of the differentiation variety. 
Admittedly, from a theoretical point of 
view, the problem of perceptual learn- 
ing is thus only half solved at best. The 
task remains to analyze the processes 
involved in terms of a set of constructs 
which will permit these phenomena to 
be integrated into a more general per- 
ceptual theory. It is possible that some 
constructs proposed in other contexts— 
e.g., Pitts and McCulloch’s (29) “scan- 
ning mechanisms,” or Piaget’s (28) 
“decentrations”—may be adapted to ac- 
count for improvement in the differ- 
entiation of stimuli. At the present, 
however, they remain largely specula- 
tive and of unknown value in the han- 
dling of perceptual learning phenomena. 

In conclusion, it may be suggested 
that an analysis of the stimulus, aimed 
at specifying what aspects are discrimi- 
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nated as a result of learning, may itself 
contribute heavily to the eventual con- 
struction of adequate mediating mecha- 
nisms to explain perceptual learning. 
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Several years ago Sanford (20) pre- 
sented an analysis of the concept of 
identification. In brief, Sanford sug- 
gested that the term be applied to situa- 
tions in which “an individual may be 
observed to respond to the behavior of 
other people or objects by initiating in 
fantasy or reality the same behavior 
himself . . . the individual strives to 
behave in a way that is exactly like 
that of the object” (20, p. 109). San- 
ford further suggested that the motive 
for this imitative behavior was a threat 
to the person’s self esteem. By limit- 
ing the term “identification” to those 
imitative behavioral sequences in which 
the motivation for the act was anxiety 
over self esteem, Sanford emphasized 
two points: (a) mere similarity in overt 


behavior between a subject and a model 
was not necessarily a measure of identi- 


fication, and (6) the motive for the 
imitative behavior was one of the de- 
fining characteristics of an identificatory 
response. 

The various behavioral phenomena 
which have been labeled “identification” 
differ in their manifest properties and 
motivations. The following four classes 
of behavior have been described as re- 
lated to the process of identification be- 
cause they all can lead to similarities in 
behavior between a subject and a model. 

1 This research was supported, in part, by a 
research grant (M-1260) from the National 
Institute of Mental Health of the National 
Institutes of Health, United States Public 
Health Service. The views of Wesley Allin- 
smith, Vaughn J. Crandall, Leonard M. Lan- 
sky, and Howard A. Moss are especially ac- 
knowledged. A major stimulus for the pres- 
ent essay was a workshop in parent-child 
relations supported by USPHS Grant 1649 
and held at the Merrill-Palmer School, De- 
troit, Michigan, July 14-27, 1957. 


[imitation Learning 


This term refers to the initiation and 
practice of certain responses (gestures, 
attitudes, speech patterns, dress, etc.) 
which are not subject to prohibition by 
the social environment and which are 
assumed to be the result of an attempt 
to imitate a model. The behavior has 
been labeled either “matched-dependent 
behavior” or “copying” by Miller and 
Dollard (17). Miller and Dollard posit 
that initially the imitative act occurs by 
chance and the act can only be rein- 
forced if some drive is reduced follow- 
ing the execution of the response. Ac- 
cording to this view only direct reward 
from the social environment, like praise 
or affection, can strengthen the person’s 
tendency to imitate a model. Mowrer 
(18) distinguishes between developmen- 
tal and defensive identification. In the 
former process, the person imitates or 
reproduces the behavior of a model in 
order to “reproduce bits of the beloved 
and longed-for parent” (18, p. 615). 
Mowrer suggests that most imitation of 
a model is the result of the desire to re- 
produce responses which have acquired 
secondary reward value through asso- 
ciation with a nurturant and affectionate 
model. Thus, Mowrer emphasizes the 
self-rewarding aspect of certain imita- 
tive acts as opposed to Miller and Dol- 
lard’s emphasis on direct reward from 
the social environment. 


Prohibition Learning 


This term refers to the adoption and 
practice of the prohibitions of the par- 
ents and parent substitutes. The ac- 
quisition of these prohibitions bears 
some relation to the process of super- 
ego development as described by psy- 
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choanalytic theory (2, 3, 4, 11). Sev- 
eral investigatgrs have suggested that a 
major motivation for the acquisition of 
some prohibition is anxiety over antici- 
pated loss of love (10, 11, 18, 20, 23). 
Sanford labeled this process “introjec- 
tion” and suggested that the learning 
and maintenance of this class of behav- 
ior might be explained without use of 
the concept of identification. 


Identification with the Aggressor 


This phrase refers to the adoption of 
behaviors which are similar to those of 
an aggressive or threatening model. The 
motivation for this “imitation” is as- 
sumed to be anxiety over anticipated 
aggression or domination by the threat- 
ening model. It is difficult to explain 
this behavior as a product of either 
prohibition or imitation learning, since 
the motive and reinforcement do not 
seem related to anxiety over anticipated 
loss of love or desire for a direct, social 
reward like praise or affection. Anna 
Freud (2) has labeled this phenome- 
non “identification with the aggressor,” 
Mowrer has called this process ‘“defen- 
sive identification” (as distinct*from de- 
velopmental identification), and Sanford 
has suggested that the term “identifica- 
tion proper” be restricted to this class 
of behavior. 

Vicarious Affective Experience 

This phrase refers to the experience 
of positive or negative affect on the part 
of a person as a result of an event which 
has occurred to a model. Salient ex- 
amples of this phenomenon are (a) a 
child’s elation or depression at learning 
that his parent is a success or failure, 
or (6) a mother’s elation following the 
success of her child in school. This 
phenomenon of vicarious, affective ex- 
perience has been attributed to a per- 
son's identification with a model, but 
this affective response has been difficult 
to explain and often neglected by psy- 
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chologists investigating the identifica- 
tion process. These four phenomena 
(imitation learning, prohibition learn- 
identification with the aggressor, 
ind vicarious, affective experience) ap- 
pear to be mediated by different motives 
and rewards, and an analysis of each of 
them is one purpose of this paper.* 

In different contexts, social scientists 
have used the term “identification” to 
refer to three different sets of variables: 
(a) the process of identification; (6) in- 
dividual differences in the content of the 
behaviors, motives, and attitudes ac- 
quired as a result of the identification 
process; and (c) the differential effect 
of various models that are used during 
the iden‘ification process (3, 4, 5, 7, 9, 
11, 13, 15, 16, 25, 26). This paper 
recognizes the relevance of the model 
and content dimensions but is primarily 
concerned with the process of identifi- 
cation, and will attempt to analyze this 
process in behavioral terms. It is sug- 
gested that the process remains the same 
regardless of the models used or the spe- 
cific behavioral content that is acquired 
as a result of an identification 


ing, 


Definitions of Identification 


The concept of identification origi- 
nated in psychoanalytic theory, and 
Freud made a distinction between pri- 
mary and secondary identification (3, 4, 
5). Primary identification referred to 
the initial, undifferentiated perception of 
the infant in which an external object 
was perceived as part of the self, while 
secondary identification began after the 
child had discriminated a world of ob- 


2In an unpublished paper presented at a 
symposium at Harvard University in 1957, 
Bronfrenbrenner described three types of 
identification: (a) anaclitic identification, (b) 
identification with a source of power, and (c) 
identification through reinforcement of a role 
model. These three terms are similar in mean- 
ing to the present phrases of prohibition learn- 
ing, identification with the aggressor, and 
imitation learning, respectively 
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jects separate from the self. Freud im- 
plied in his later writings that the proc- 
ess of secondary identification was mo- 
tivated primarily by the motives and 
anxieties created by the oedipal situa- 
tion. In order to reduce the anxiety 
over anticipated aggression or rejection 
from the same-sex parent and obtain 
vicariously the affection of the opposite- 
sex parent, the child identified with the 
former. Identification was described by 
Freud as “the endeavor to mould a per- 
son’s own ego after the fashion of one 
that has been taken as a model” (5, p. 
63). 

Mowrer’s concept of “defensive identi- 
fication,’ Sanford’s definition of “identi- 
fication proper,” and Anna Freud’s de- 
scription of “identification with the ag- 
gressor” are all related to the earlier 
psychoanalytic hypothesis that the threat 
value of the same-sex parent motivated 
the child to identify with him in order 
to reduce the anxiety associated with 
this threat. However, it is suggested 
that an individual may identify with a 
model not only to reduce anxiety over 
anticipated aggression from a model but 
also to experience or obtain positive 
goal states which he perceives that the 
model commands. The thesis of this 
paper is that the motivation to com- 
mand or experience desired goal states 
of a model is salient in the development 
and maintenance of an identification.’ 
It will be suggested later that two ma- 
jor goal states involved in identification 
behavior are (a) mastery of the envi- 
ronment and (4) love and affection. 
However, it is not implied that these 


3Jt is assumed that anticipation of a posi- 
tive goal state is associated with the anticipa- 
tion of a change in affect, and thus the phrase 
“experience goal states of the model” will be 
used synonymously with the phrase “experi- 
ence affective states of the model.” This as- 
sumption agrees with McClelland’s definition 
of a motive as an “anticipation of a change in 
affective state” (14, p. 466). 
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are the only goals which an individual 
desires to command. 
Definition 

Identification is defined as an ac- 
quired, cognitive response within a per- 
son (S). The content of this response 
is that some of the attributes, motives, 
characteristics, and affective states of a 
model (M) are part of S’s psychologi- 
cal organization. The major implica- 
tion of this definition is that the S may 
react to events occurring to M as if 
they occurred to him. 


The Acquisition and Maintenance of an 
Identification 


Although identification has been de- 
fined as a cognitive response, it is not 
implied that the content of the response 
is available to consciousness or easily 
verbalized. Thus the terms “cognitive 
response,” ‘“‘belief,”’ “wish,” or “assump- 
tion” will be used in this text to include 
cognitive processes not always available 
through verbal report. Identification is 
not viewed as an all-or-none process. 
Identification is a response that can 
vary in strength and there will be dif- 
ferences in the degree to which an S 
believes that the characteristics of a 
model, whether assets or liabilities, be- 
long to him. In addition, the S may 
become identified, to differing degrees, 
with a variety of models. The motives 
and reinforcements that are involved in 
the acquisition and maintenance of this 
cognitive response are elaborated in the 
following assumptions. 


Assumption 1 


Initially the S perceives that the M 
possesses or commands goals and satis- 
factions that the S desires. This per- 
ception leads to a wish to possess these 
desired goal states. 


Assumption 2 


The wish to command the goal states 
of the M leads to the desire to possess 

















the characteristics of the M because S 
believes that if he were similar to the 
M he would command the desired goals. 
That is, the S assumes that the more 
similarity there is between the S and M 
the more likely S is to possess or com- 
mand the desired goal states of the M. 

To illustrate, let the S be a child and 
the M a mother, although S and M 
could be an adolescent boy and the 
leader of a group, or a girl and her 
older sister. The child perceives that 
the mother can feed the child, restrict 
the child, obtain articles out of the 
child’s reach, punish the child, etc. 
Thus, to the S, the M appears to com- 
mand desired skills and goal states. The 
discrepancy between the child’s percep- 
tion of his inability to obtain these de- 
sired goals and his perception of the 
more adequate adult elicits the wish to 
possess or control those goals which he 
perceives that M commands. The per- 
ceptions of the child are subject to dis- 
tortion, and the child may exaggerate 
the degree to which M commands de- 
sired goals. It was assumed (Assump- 
tion 2) that the wish to command these 
goal states led to the expectation that if 
S possessed M’s characteristics he would 
also command these desired goals. There 
often is direct reinforcement of the be- 
lief that to “be similar to” a model is 
equivalent to possessing his positive at- 
tributes. Often, the social environment 
tells the child directly that he is similar 
to a parent in certain characteristics, 
and this communication may be con- 
tiguous in time with statements related 
to some of the model's desired goal 
states. For example, parents and rela- 
tives may tell the child ““You have your 
father’s eyes,” and often add, “You'll 
grow up to be big and strong just like 
Daddy.” It is suggested that these 
statements which associate similarities 
in external attributes with command of 
desired goal states have an important 
effect on the child’s learning about him- 
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self, and lead the child to the expecta- 
tion that to be similar to the model is 
equivalent to possessing his positive and 
desirable attributes. 


Assumption 3 


The identification response (i e., “some 
of the characteristics of the model are 
mine”) is reinforced each time S per- 
ceives or is told that he is similar to the 
M. One type of reinforcement for the 
identification response occurs when an 
S is told directly that he and the M are 
similar in temperament or appearance. 
It is suggested that a second type of 
reinforcement for this cognitive response 
is S’s own perception of similarity to the 
M. Once again, consider the case of the 
small child and his parent. Although 
the child may perceive marked differ- 
ences in size, strength, and skills be- 
tween himself and the M, he may per- 
ceive a similarity in affective states, 
such as joy, anger, or sadness. The 
importance of the perception of simi- 
larities in affective states between the S 
and M is stressed because a major mo- 
tive for identification is a desire to ex- 
perience positive affective states of the 
model. Thus, perception of similarity 
in affect is assumed to have saliency as 
a reinforcement. If the parent becomes 
angry, sad, or happy and communicates 
these affects to the child, the child has 
the opportunity to perceive that he and 
the M experience similar feelings. This 
perception reinforces the belief that 
there is similarity between the S and 
M. In addition to similarity in affec- 
tive states, perception of similarities in 
external characteristics will reinforce the 
identification response. With specific 
reference to the child-parent relation, it 
is assumed that perception of similari- 
ties in sexual anatomy, dress, amount 
and distribution of hair, and other ex- 
ternal attributes are potential rein- 
forcements of the identification. Thus, 


while the identification response is be- 
Pa 
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ing learned, the major reinforcements 
for the response are perceptions of simi- 
larity between the S and M.* Freud 
suggested that perceptions of similar- 
ity strengthen an identilication, for he 
wrote, 

Identification . may arise with every new 
perception of a common quality shared with 
some other person who is not an object of 
the sexual instinct. The more important this 
common quality is, the more successful may 
this partial identification become, and it may 
thus represent the beginning of a new tie (5, 
p. 65) 


Assumption 4 


In order for the identification belief 
to be maintained, the S must not only 
perceive similarity between the S and M 
but he also must experience some of the 
desired, affective goal states of the M. 
Thus, if the M were successful or happy 
and S believed that M was experiencing 
positive affect, the S would also feel 
positive affect appropriate to the suc- 
cess, and this experience would reinforce 
his identification. The S also may ex- 
perience affect appropriate to events oc- 
curring to M as a result of the expecta- 
tion that the social environment will re- 
spond to him the same way it responds 
to the M. That is, when the S has 
developed some degree of identification 
with the M he may anticipate that when 
the social environment praises or re- 
wards the M, it will behave similarly to 
him. If, on the other hand, the M were 
sad or criticized, S might experience 


4It is suggested that the concept of identifi- 
cation has not yielded to a behavioral analysis 
because the notion of social reinforcement has 
been viewed as a specific action directed at an 
individual by a reinforcing agent. There has 
been a tendency to overlook the possibility 
that a perception, fantasy, or thought may be 
a potential reinforcement of a response. A re- 
cent experimental finding by Estes and Johns 
(1) supports the hypothesis that a person’s 
perception of a situation, even though objec- 
tively inaccurate, can reinforce his subsequent 
behavior. 
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negative affect because of the identifi- 
cation belief that he and the M were 
similar and the expectation that the en- 
vironment might react to him as it did 
to M. However, if no vicarious com- 
mand of desired goals or positive affect 
were experienced as a result of the 
identification, then the response should 
extinguish just as any other habit does 
in the absence of positive reinforce- 
ment. That is, some degree of identifi- 
cation should be maintained as long as 
S perceives that the M commands de- 
sired goals. When the S no longer per- 
ceives the M in this fashion, then both 
the motivation for the identification and 
the intensity of the positive reinforce- 
ment should decrease. 


The Acquisition of Behavior Similar to 
a Model: The Motives for Imita- 
tion, Identification, and Prohibition 
Learning 

Since perceptions of similarity be- 
tween the S and M reinforce the identi- 
fication response, the S may imitate the 

M during the acquisition phase of an 

identification in order to increase the 

degree of similarity. It is acknowl- 
edged that the social environment re- 
wards imitative behaviors with affection 
and praise, and these direct, social rein- 
forcements may strengthen the tendency 
to imitate adults independently of any 
identification motives. However, it is 

suggested, along with Sears et al. (23), 

that direct, social reinforcement of imi- 

tative behavior cannot account for all of 

the imitative responses that the S initi- 


5 This view of identification suggests a meas- 
urement operation which differs from the usual 
practice of assessing similarities in behavior 
between an S and an M. One measure of de- 
gree of identification would be the degree to 
which an S's affective state or behavior was 
influenced as a result of events that occurred 
to an M. That is, praise or criticism of an 
M in S’s presence should lead to correspond- 
ing changes in the affective state of an S who 
was identified with the M. 
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ates. <A four-year-old child may simu- 
late adult behaviors when the child is 
alone or in situations where the parents 
discourage or punish the imitative re- 
sponse. However, despite the punish- 
ment or absence of social reward for 
some imitative behaviors, the behavior 
continues to be practiced. Sears et al. 
call this behavior “role practice” and 
assume that it is motivated by the 
“desire to reproduce pleasant experi- 
ences” (23, p. 370). Consider the 
three-year-old girl who plays the role 
of mother alone in her room. It is hy- 
pothesized that a potential reinforce- 
ment for this behavior is the creation, 
in fantasy, of perceptual similarity be- 
tween the behaviors of the S and M. 
This perception strengthens S’s identifi- 
cation with the M and allows S to share 
vicariously some of the positive goal 
states which M commands. 

A somewhat different phenomenon is 
the behavior called “identification with 
the aggressor” by A. Freud or “defen- 
sive identification’ by Mowrer. Anna 
Freud describes a girl who was afraid 
of ghosts and suddenly began to make 
peculiar gestures as she ran in the dark. 
She told her brother, “there is no need 
to be afraid, you just have to pretend 
that you're the ghost who might meet 
you” (2, p. 119). The present the- 
ory assumes that the child desired the 
threatening power of the feared object 
and this motive elicited the imitative 
behavior. The fantasied perception of 
similarity to the feared model gave S a 
vicarious feeling of power and reduced 
her anxiety over attack. It is suggested 
that “identification with the aggressor” 
does not differ from other identifica- 
tion responses with respect to the basic 
mechanism of acquisition but does in- 
volve a specific motive and goal state. 
Identification with the aggressor in- 
volves a specific relationship between 
the S and M in which S fears the M. 
Thus, S desires the aggressive power or 
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threat value of the M in order to reduce 
his own anxiety over anticipated attack. 
It may be misleading to classify ‘“‘identi- 
fication with the aggressor” as qualita- 
tively different from other identificatory 
behavior merely because the motive and 
goal differ from those involved in other 
identifications. 

A third motive which can lead to be- 
havioral similarity between an S and M 
is anxiety over anticipated loss of love 
or nurturance. It is suggested that 
many social prohibitions which the M 
practices are learned by the S in situa- 
tions in which this anxiety motivate the 
acquisition and maintenance of the re- 
sponse. The reinforcement for the 
learned prohibition is continued accept- 
ance and a consequent reduction in anx- 
iety over rejection. The research of 
Sears et al. (23) suggests a relation- 
ship between “high conscience’ in a 
child and a pattern in which the mother 
is nurturant and uses withdrawal of 
love as a disciplinary technique. In 
summary, any one response which is 
imitative of a model may be mediated 
by three different motive-reinforcement 
sequences, and in many instances all 
three may be involved in producing be- 
havioral similarity between an S and 
M. Thus, “eating neatly,” “getting 
good grades,” or “being nonaggressive”’ 
could be motivated by the desire for 
praise as in imitation learning, by anx- 
iety over loss of love as in prohibition 
learning, or by the desire to create per- 
ceptual similarity between the S and M 
as in identification. Thus, mere simi- 
larity in overt behavior between an S 
and M may not be the most sensitive 
measure of degree of identification. 

At a more speculative level, it is sug- 


6In a manuscript being prepared for publi- 
cation, H. Kelman suggests that the response 
of conformity to the attitudes of another per- 
son can be mediated by three different mo- 
tives. His analysis of conformity parallels the 
present discussion of imitative behavior. 
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gested that the behaviors which have 
been called “self actualizing” (6) could 
be motivated and reinforced by a de- 
sire for perceptual similarity to an M 
and be an indication of early identifica- 
tion tendencies. Even the most ortho- 
dox supporters of the importance of 
simple imitation learning find it diffi- 
cult to explain the child’s initial imi- 
tations of a model. Once the child has 
begun to imitate a model it is likely that 
praise and recognition from adults could 
maintain this behavior. However, why 
does the child suddenly want to dress 
himself, sit on the toilet alone, or put 
on Daddy’s shoes? It is difficult to ac- 
count for the initial display of this imi- 
tative behavior, and the term “self actu- 
alization” implies that the child has 
some biological drive to use his poten- 
tialities. This hypothesis seems no more 
parsimonious than the suggestion that 
the initiation of these “self actualizing”’ 
behaviors is motivated by S’s desire 
to create perceptual similarity between 
himself and a model. 


Two Goals Motivating Identification: 
Mastery and Love 


It has been assumed that S’s desire to 
command certain goal states motivates 
his identification with a model. It is 
suggested, for the child especially, that 
two important goal states that the S de- 
sires to command are (a) a feeling of 
power or mastery over the environment 
and (0) love and affection. Attainment 
of these goals should lead to diminution 
in anxiety over helplessness or loneli- 
ness. The young child perceives that he 
is not able to gratify all of his needs 
while the parental model is perceived as 
more capable of dealing with the envi- 
ronment. This discrepancy between the 
S’s perception of his own relative help- 
lessness and the power that he perceives 
M to possess motivates the wish to have 
M’s power and the search for percep- 


KAGAN 


tions of similarity between himself and 
the M. 

Unfortunately, there are no empirical 
studies which directly test these hy- 
potheses because most of the research 
on identification has used similarities in 
behavior between an S and M as the 
measure of identification. However, 
there are some results which are at 
least consistent with the view that the 
child identifies with the more powerful 
parent and the one who is perceived to 
command important sources of gratifi- 
cation. Payne and Mussen (19) re- 
ported that adolescent boys who per- 
ceived the father as rewarding on pro- 
jective tests were more highly identified 
with the father (based on similar an- 
swers to a personality inventory) than 
boys who pictured their fathers as non- 
rewarding. In addition, boys with domi- 
nant and “masculine” mothers tended to 
be poorly identified with the father. 
P. S. Sears (22) reported a finding that 
is more difficult to explain without use 
of the concept of identification. She 
found, in a doll-play situation, that 
kindergarten girls used the mother doll 
as agent significantly more often than 
the father doll, while boys used both 
mother and father dolls with more nearly 
equal frequency. Since the mother is 
initially the major controller of gratifi- 
cations for both sexes, one might ex- 
pect an initial identification with her 
for both boys and girls. P. S. Sears 
(22) also reports that the kindergarten 
boys who used the mother doll most 
often had mothers who were (a) more 
nurturant than the father, (6) more 
critical of the father, and (c) more re- 
strictive of the child’s mobility outside 
the home. This result is consistent with 
the hypothesis that the child is pre- 
disposed to identify with the parental 
model who is perceived as controlling 
important goal states. 

A study of Maccoby and Wilson (15) 
furnishes more direct support for the 
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present hypotheses. The authors showed 
movies to seventh grade boys and girls 
and then determined the protagonist 
with whom the child identified. The 
most significant result was that a “boy’s 
choice of screen character (the one with 
whom he was presumed to identify) is 
more closely related to the social class 
level to which he aspires than to the 
level his family currently occupies” (15, 
p. 79). This result suggests that the 
child identified with models who com- 
manded desired goals. 

A second goal state which may moti- 
vate identification is the desire for nur- 
turance and affection. In addition to 
Freud’s classical hypothesis that the 
child identified with the same-sex par- 
ent in order to receive vicariously the 
affection of the opposite-sex parent, 
there are situations in which nonpar- 
ental models command sources of affec- 
tion. The relation between siblings is 
such a situation, and the younger child 
may identify with an older sibling if the 
former perceives that the latter com- 
mands parental affection. The research 
of Helen Koch (12) indirectly sup- 
ports this hypothesis. She reported that 
school-age boys with older sisters tended 
to develop more feminine attributes than 
boys with older brothers. On the other 
hand, girls with older brothers tend to 
be more masculine than girls with older 
sisters. In the experiment of Maccoby 
and Wilson, described earlier, the au- 
thors reported that girls were more 
likely than boys to recall movie con- 
tent involving boy-girl interaction while 
boys were superior on recall of aggres- 
sive acts by the hero. If one assumes 
that the need for affection is stronger 
for girls than for boys, and that the re- 
called content is influenced by the model 
chosen for identification, then these re- 
sults suggest that the specific goal states 
desired by the S determine the models 
chosen for identification. 
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Factors Influencing the Strength of 
Identification 


The strength of the identification 
habit, following a basic behavioral law, 
should be a function of the strength of 
the motive and the quality and fre- 
quency of the reinforcement (8). It 
would be predicted, therefore, that the 
most intense identification would occur 
when the S had strong needs for love 
and power, felt incapable of gratifying 
these motives through his own skills, 
and perceived similarity between him- 
self and an M who commanded these 
goals. Utilizing this hypothesis, two 
generalized predictions can be made 
concerning the strength of identification 
for different ages and models. 

1. The strength of identification tend- 
encies should decrease with age because, 
in general, the individual's ability to 
gratify his needs for mastery and love 
through his own behavior, rather than 
through a vicarious mechanism, should 
increase with development. Thus, the 
identifications of a young child should 
be more intense than the identifications 
of older individuals. 

2. An identification with an M with 
whom § was in direct contact should be 
stronger than with an M with whom S 
was not in contact, assuming that the 
motivation for identification was con- 
stant and the models were perceived 
as equally potent. This statement is 
based on the assumption that the rein- 
forcements of perceived similarity are 
stronger when S perceives the affects and 
attributes of the M directly as opposed 
to instances in which he is merely told 
that he is similar to the M. Thus, 
degree of identification with a father 
with whom §S was in contact should be 
greater than with an imagined fantasy 
father whom S had never seen. Only 
very indirect evidence is available to 
support this prediction. However, re- 
ports by P. S. Sears (21) and Sears 
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et al. (24) suggest that absence of the 
father from the home tends to decrease 
the degree of “masculine” doll play in 
preschool boys while this experience has 
little effect on the doll play of girls. 
The results are open to alternative in- 
terpretations but are not inconsistent 
with the present hypothesis. 


SUMMARY 


This paper has attempted to analyze 
the concept of identification and place 
the concept within a learning-theory 
framework. Identification was defined 
as an acquired, cognitive response. The 
content of this response was that some 
of the characteristics of a model be- 
longed to the individual and the indi- 
vidual behaved as if some of the charac- 
teristics and affective states of the model 
belonged to him. Identification was not 
viewed as an all-or-none process. An 
identification can vary in strength and 
the individual can identify, to differ- 
ing degrees, with a variety of models. 
The motive for the acquisition and 
maintenance of the identification re- 
sponse was a desire for the positive 
goal states commanded by the model, 
and mastery of the environment and 
love-nurturance were suggested as two 
important goals. The reinforcement for 
the acquisition of the identification was 
perceived similarity in attributes be- 
tween the person and the model. Thus, 
the person may strive to imitate aspects 
of the model’s behavior in order to cre- 
ate perceptual similarity between him- 
self and the model. Once the identifi- 
cation was established, the individual 
behaved as if the goal states of the 
model belonged to him and the positive 
affect derived from this vicarious shar- 
ing of desired goal states helped to main- 
tain the identification. 

It was suggested that the usual em- 
phasis on similarities in overt behavior 
between an individual and a model is 
not the best measure of identification, 
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since the motives and reinforcements 
involved in imitation and prohibition 
learning could also explain similarities 
in behavior between two people. A dif- 
ferentiation of imitative behavior based 
on imitation learning, prohibition learn- 
ing, and identification was attempted. 
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INTRALIST GENERALIZATION IN PAIRED-ASSOCIATE 
LEARNING’ 


BENNET B. MURDOCK, JR. 


University of Vermont 


It seems to be generally accepted that, 
during the course of paired-associate 
learning, generalization tendencies in- 
crease to a maximum and then decrease. 
This hypothesis is endorsed by Osgood 
(16, pp. 537-539), and stated without 
comment by Bugelski (3, p. 410), Hov- 
land (12, p. 666), and Underwood (17, 
p. 408). This increase and decrease in 
generalization tendencies during verbal 
learning was first suggested by Gibson 
(8), who made it an integral part of 
her theoretical formulation. Her Pos- 
tulate 4 states, “Generalization will in- 
crease to a maximum or peak during the 
early stages of practice with a list, after 
which it will decrease as practice is con- 
tinued” (8, p. 206). In this article we 
would like to suggest an alternate but 
opposing hypothesis, that generalization 
is greatest at the start of paired-associ- 
ate learning and only decreases with 
practice. 

In a paired-associate list pairs long, 
four different types of responses can be 
distinguished: correct responses (S,—R,, 


S,—R,»,...S,—R,); incorrect responses 
(Si—R», S.—R.-,...Sa—Rn; S,—Ra, 
S.—R,,...S:—Rn», etc.); intrusions 


(any responses other than R,, R»,... 
R,); and omissions (no response). 
Generalization is “. . . the tendency for 
a response R, learned to S, to occur 
when S, (with which it has not been 
previously associated) is presented” (8. 
p. 204). According to this definition, 


1This work was supported by a grant, G- 
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The author would like to thank Spaulding 
Rogers, Norman J. Slamecka, and Ernest N. 
Damianopoulos for a critical reading of the 
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an incorrect response would be a gen- 
eralized response, as both are essentially 
the right response to the wrong stimulus. 
An intrusion would not be a generalized 
response to any stimulus in the list be- 
cause it is not a correct response to any 
stimulus in the list. And obviously cor- 
rect responses and omissions are not gen- 
eralized responses. Therefore, it would 
seem (and this is the position taken 
here) that in paired-associate learning 
incorrect responses and generalized re- 
sponses are one and the same.* 

On a common-sense level it seems un- 
reasonable to consider errors early in 
learning as generalized responses. If the 
correct response has not been learned 
(i.e., if S has not yet learned S,—R,). 
how could an incorrect response indi- 
cate generalization? Also, the definition 
of generalization given above states that 
the response R, must be learned to the 
stimulus S, before S,—R,, could be con- 
sidered a generalized response. How- 
ever, if the response R, does in fact 
occur to stimulus S,, this would almost 
of itself indicate that some learning had 
already occurred; the probability of the 
occurrence of this response (or for that 
matter any other response on the list) 
by chance is so slight as to be negligible. 
Therefore, it would seem quite unlikely 
that an incorrect response could occur 
before some learning had taken place. 

Equating incorrect and generalized re- 
sponses is desirable from the point of 


2 An incorrect response could also indicate 
response generalization. However, in this ar- 
ticle it is assumed that the response terms are 
sufficiently dissimilar and/or predifferentiated 
so that no response generalization occurs; all 
generalization will therefore be considered 
stimulus generalization. 




















INTRALIST GENERALIZATION IN PAIRED-ASSOCIATE LEARNING 


view of simplicity. The definition of a 
generalized response in paired-associate 
learning becomes clear cut and unam- 
biguous when the two are considered 
synonymous. There is no need to set 
up some arbitrary point in the learning 
before which incorrect responses would 
not be generalized responses but after 
which incorrect responses would be gen- 
eralized responses. And, as will be 
pointed out in the final section of this 
paper, this position results in a predic- 
tion about transfer of training which is 
apparently substantiated by the avail- 
able data. Therefore, it is felt that in- 
correct responses at any stage in paired- 
associate learning should be considered 
generalized responses. 

In the standard paired-associate learn- 
ing task S is not informed as to what 
the responses are before he actually 
starts to learn the list. Therefore, he 
must learn that the responses are Rg, 
R,,...R,p. This may involve learning 
to make responses that have never previ- 
ously been made, and it will certainly in- 
volve learning to restrict the range of 


responses to R,, R»,...R,. Also, § 
must learn the pairings. That is, he 
must learn S,—R,, S;—Rz,. . .S,—Rn- 


Furthermore, within limits he is free to 
respond or not as he wishes. There- 
fore, on the first trial of a paired-asso- 
ciate learning task which uses the an- 
ticipation method, the probability of an 
incorrect or generalized response is very 
slight. If S learns to a criterion of so 
many perfect trials, the probability of 
an incorrect or generalized response at 
the end of learning is also very slight. 
Assuming that some generalization oc- 
curs, there obviously must be first an 
increase, then a decrease in the _fre- 
quency of incorrect or generalized re- 
sponses. This does not mean, however, 
that there is an increase and then a de- 
crease in generalization, for under these 
conditions the frequency of incorrect or 
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generalized responses is not an appro- 
priate measure of generalization. 

The frequency of incorrect responses 
is an inappropriate measure of generali- 
zation because omissions can occur, and 
they introduce a systematic bias. Omis- 
sions are most frequent at the start of 
learning, yet this is exactly the time 
when the frequency of generalized re- 
sponses is low. If omissions were pro- 
hibited and S forced to respond to each 
stimulus, almost certainly most of the 
responses (excluding for the moment in- 
trusions) would be incorrect or gener- 
alized responses, not correct responses. 
Therefore, contrary to what Gibson as- 
sumed (9, p. 194), the frequency of 
overt generalized responses is not a satis- 
factory measure of generalization tend- 
encies when omissions are possili's, for 
omissions result in a serious underesti- 
mation of the amount of generalization 
that would occur were S forced to re- 
spond. 

Intrusions introduce a further compli- 
cation; they too, if allowed to occur, 
would be most frequent early in learn- 
ing. In the standard paired-associate 
procedure S must learn both the re- 
sponses and the pairings, and intrusions 
indicate that S has not yet learned the 
responses perfectly. But, as Hovland 
and Kurtz (13) have pointed out, this 
is a separate problem from the learning 
of the pairings (or, in the case they 
discuss, the order in a serial list). If 
the chief purpose is to study generali- 
zation, the responses are merely a means 
to an end; one draws conclusions about 
confusion among the stimuli from the 
responses they evoke. Therefore, learn- 
ing the responses merely introduces a 
complication that should be avoided. 

It is felt, then, that to study generali- 
zation tendencies during learning both 
omissions and intrusions should be 
ruled out. This would not be particu- 
larly difficult to do. To exclude omis- 
sions. forced anticipation could be used: 
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S would be instructed always to re- 
spond during the “stimulus-only” pe- 
riod, even if the response were a pure 
guess. To exclude intrusions, S would 
be told the responses (though naturally 
not the pairings) in the instructions. If 
the responses were unfamiliar, a famil- 
iarization procedure such as Hovland 
and Kurtz (13) used could precede the 
learning. Under these conditions the 
frequency of incorrect or generalized re- 
sponses would be an adequate measure 
of generalization tendencies, since omis- 
sions and intrusions had been ruled out. 

Under these conditions only two types 
of responses would be possible, correct 
responses and incorrect or generalized 
responses. Assuming that S followed 
instructions and assuming that learning 
occurred, the frequency of correct re- 
sponses would (disregarding inversions 
and plateaus) increase regularly with 
practice. Concomitantly, the frequency 
of incorrect or generalized responses 
would decrease regularly with practice. 
And, since it is felt that these are the 
appropriate conditions under which to 
measure generalization, it would seem 
that generalization tendencies have to be 
at a maximum at the start of learning 
and decrease with practice. There is, 
therefore, only a decrease, and no in- 
crease, in generalization during paired- 
associate learning. 

The foregoing has been based on the 
assumption that the similarity among 
stimuli is the same. That is, no two 
stimuli are more similar than any other 
two. This is probably impossible to 
achieve in practice, and is often deliber- 
ately violated in order to get groups of 
stimuli within the total list with high 
intragroup similarity. If S, and S, are 
very similar to one another, the prob- 
ability of S,—R, may be greater after 
a certain amount of practice than it was 
originally. However, the fact that the 
probability of this one specific gener- 
alized response has increased does not 
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mean that the probability of all gener- 
alized responses to S, has increased. At 
the start of learning (assuming no omis- 
sions or intrusions), the probability that 
S,—R, will occur by chance would be 
1/n, the probability that S,—R, will 
occur by chance would also be 1/m, and 
the sum of the probabilities that other 
incorrect or generalized responses will 
occur by chance would be (m — 2)/n. 
Even though the probability of S,—R, 
may have increased with practice (and 
it may increase appreciably), provided 
that the probability of the correct re- 
sponse S,—R, does not drop belew 
chance (i.e., 1/m), then this increase 
must be accompanied by a correspond- 
ing decrease in the probability of other 
incorrect or generalized responses (i.e. 
(n — 2)/n). Therefore, under these con- 
ditions there can be no net increase in 
generalization. 

Suppose, however, that the prob- 
ability of the correct response S,—R, 
did actually drop below chance (1/n). 
This could conceivably occur if S,—R, 
was learned (i.e., if the probability 
of S,—R, increased from 1/n to some 
value X, where 1/n < X <1.00), if 
S,—R, was not learned, and if S, 
and S, were sufficiently similar (in 
the extreme case indistinguishable) to 
produce generalization. Assume that 
there is a decrease in the probability of 
S,—R,; the maximum decrease possible 
would be from 1/m to 0, or 1/m. At the 
same time there must, of necessity, be 
an increase in the probability of a 
correct response to S,. This increase 
would be from 1/n to X, or X — 1,n. 
The only way in which there could be 
a net increase in generalization tend- 
encies would be for the decrease in the 
probability S,—R, to be greater than 
the increase in the probability S,—R,; 
i.e., for 1/m to be greater than X — 1/n. 
For this to occur, X would have to 
be smaller than 2/n, or the increase in 
the probability of the correct response 
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S,—R, would have to be less than 1/n. 
With a paired-associate list of any ap- 
preciable length this maximum allow- 
able increase in probability would be so 
slight as to make it doubtful that any 
generalization could occur after so little 
learning. So the conditions necessary 
for a net increase in generalization would 
seem to rule out the possibility that any 
generalization will occur. 

It is possible, of course, for more than 
two stimuli to be similar. If two or 
more stimuli are similar to S,, the maxi- 
mum allowable increase in the probabil- 
ity of S,—R, becomes n’/n, where n’ is 
the number of stimuli similar to S,. The 
net increase in generalization then be- 
comes n'/n — (X — 1/n), or (n’ + 1)/ 
n—X. This is the most general expres- 
sion, and, as before, the smaller X is, 
the more generalization tendencies could 
increase but the less likely it is that any 
generalization could occur. However, as 
X approaches 1.00, a net increase in 
generalization becomes impossible no 
matter how many stimuli are similar to 
S,. So, to summarize, because the in- 
crease in the probability of one specific 
generalized response must be accom- 
panied either by a decrease in the prob- 
ability of other generalized responses to 
the same stimulus or by the increase in 
the probability of a correct response to 
a similar stimulus, it seems highly un- 
likely that, even with unequal intralist 
stimulus similarity, there ever could be 
a measurable increase in generalization 
tendencies with practice. 

The hypothesis presented here sug- 
gests that there is only a decrease in 
generalization tendencies, yet studies of 
conditioning have shown an initial in- 
crease. One explanation for this dif- 
ference is that in paired-associate learn- 
ing all stimuli are presented to S from 
the first trial on. Learning requires the 
formation of discriminations, and gen- 
eralized responses must be extinguished 
if a criterion of learning is to be reached. 
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generalized responses during learning (copied 
from Gibson’s Fig. 3 [9, p. 195]). 


On the other hand, in studies of clas- 
sical conditioning the stimuli used in 
the test for generalization are custom- 
arily not presented until the conditioned 
response has become established, and 
there is no opportunity for prior extinc- 
tion of generalized responses. 


RELATED STUDIES 


At least two studies, one by Gibson 
(9) and one by Gagné (4), have re- 
ported an increase and then a decrease 
in generalized responses in a standard 
paired-associate learning task. The pro- 
cedures of the two experiments were 
very similar, and apparentiy omissions 
and intrusions were possible in both. 
Therefore, the results of these experi- 
ments do not prove that generalization 
increased before decreasing. However, 
even allowing for the procedure used, 
the evidence they present for an initial 
increase in generalization is less impres- 
sive than first appears. 

In the Gibson study, Vincent curves 
were plotted for correct and generalized 
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Fic. 2. Fig. 1 redrawn with curve for num- 
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responses. In her Fig. 3, redrawn here 
as Fig. 1, the curve for generalized re- 
sponses appears to do exactly what it is 
supposed to do, increase to a maximum 
early in learning and then decrease. 
However, this is misleading because the 
two curves are not drawn to the same 
scale. The scale of one is ten times that 
of the other. When drawn to the same 
scale (see Fig. 2) the increase in gen- 
eralized responses is relatively trivial 
compared to the increase in the fre- 
quency of correct responses that is oc- 
curring at the same time. 

The reason for emphasizing changes 
in generalized responses in relation to 
changes in correct responses is that a 
prior study by Hovland (11) dealt with 
the relative strength of a generalized re- 
sponse throughout learning. This was a 
study of generalization as a function of 
the number of reinforcements in classi- 
cal conditioning, and was evidently in- 
fluential in suggesting to Gibson the 
analogous hypothesis for verbal learn- 
ing. Hovland measured the strength of 
a conditioned GSR after 8, 16, 24, and 


48 paired presentations. Actually, the 
absolute strength of the generalized re- 
sponse increased with the number of re- 
inforcements, but as it increased less at 
the higher levels than the strength of the 
conditioned response, there was even- 
tually a relative decrease in generaliza- 
tion. 

In the Gagné study (4) the errors also 
increased to a maximum and then de- 
creased. Table 1 shows the number of 
correct responses, the number of general- 
ized responses, and the ratio of correct to 
generalized responses for Group 1, the 
group that demonstrated the greatest ef- 
fect. As the ratio shows, there was a 
slight initial increase in generalized re- 
sponses. However, the increase was only 
from 3.11 to 3.27 while the decrease 
was far larger, from 3.27 to 0.22. So 
here, as in the Gibson study cited above, 
on a relative basis the increase was not 
impressive. And, it is felt, had omis- 
sions and intrusions been ruled out, 
there would not have been any increase 
at all in generalized responses. 


TABLE 1 


TRIAL-BY-TRIAL RECORD OF NUMBER OF 
GENERALIZED RESPONSES, CORRECT 
RESPONSES, AND RATIO OF 
GENERALIZED TO CORRECT 
RESPONSES? 





Correct | 
Responses 


| 


' ! 
| Generalized 


Responses | Ratio 


Trial 





2.27 
3.87 
4.80 
4.93 
4.40 
4.73 
4.73 
|} 4.13 
9 3.67 
10 | 3.80 
11 2.67 
12 | 24 
13 1.73 


14 | 1.80 


0.73 
1.20 
1.47 
2.33 
3.80 
3.53 
4.20 
4.87 
5.40 
6.00 
6.20 
7.20 
7.67 
8.20 


3.11 
3.22 
3.27 
2.12 
1.16 
1.34 
1.13 
0.85 
0.68 
0.63 
0.43 
0.34 
0.23 
0.22 


OU ke wre 


y 


*For Group 1 from Table 1 and Table 2 of Gagné 
(4, pp. 65 and 67). 
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In addition to the experiments of Gib- 

son and Gagné, there is an experiment 
by Gagné and Foster (6) which also ap- 
pears to confirm the Gibson hypothesis. 
This was a choice reaction-time experi- 
ment in which Ss were given 0, 10, 30, 
or 50 trials on two of the four com- 
ponents of the final task prior. to 60 
trials on the complete task itself. Gagné 
and Foster used the number of errors 
as a measure of generalization, and re- 
ported two main findings which appear 
to support Gibson. First, the total num- 
ber of errors on Task 2 increased and 
then decreased as a function of number 
of trials on Task 1. That is, the 10- 
trial group made more errors, but the 
30-trial and 50-trial group made fewer 
and many fewer errors than the 0-trial 
(control) group, respectively. This in- 
crease and decrease in the total number 
of errors is shown clearly in their Fig. 4 
(6, p. 60). The second finding in sup- 
port of Gibson is that the point of maxi- 
mum errors (i.e., maximum generaliza- 
tion) appears to shift to the left as 
practice on Task 1 increases. As they 
report, 
... the point of maximum generalization 
{abbreviated PMG] seems to be passed in the 
zero-trial group at about the 40th trial; in 
the 10-trial group at about the 30th trial; in 
the 30-trial group at about the 15th trial 
The group having 50 trials of preliminary 
training does not exhibit any marked drop in 
error score (6, pp. 60-61) 


Not only do generalization tendencies 
increase, according to Gibson, early in 
learning but also—and this is what 
Gagné and Foster seem to overlook— 
after the PMG they should decrease. 
Assuming comparable groups, assuming 
that training on Task 1 makes the PMG 
occur earlier on Task 2, and assuming 
that the more training on Task 1 the 
earlier the PMG, then according to Gib- 
son’s theory a group with more training 
on Task 1 should make more errors on 
Task 2 before its PMG than the other 
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group. However, after the PMG of the 
second group, the first group should 
make fewer errors. For instance, the 0- 
trial group reached its PMG at 40 trials 
and the 10-trial group reached its PMG 
at 30 trials. Before 30 trials the 10- 
trial group should make more errors 
than the 0-trial group. However, after 
40 trials this should reverse; the 0-trial 
group should make more errors than the 
10-trial group. (The relative frequency 
of errors between the two PMGs cannot 
be predicted without knowing the exact 
shape of the curves.) 

If this reasoning is correct, then it 
is inappropriate to compare groups in 
terms of total number of errors made in 
Task 2. Instead, it should be predicted 
that the group with the earlier PMG 
should make more errors early but 
fewer errors late in Task-2 learning. 
Since Gagné and Foster report the num- 
ber of errors for each group in blocks of 
ten trials each, and since they estimate 


the PMG of three groups, it is possible 
to use their data to test Gibson’s theory 


in this way. Each of the three groups 
was compared with the other two, and 
the direction of the predicted difference 
in errors for each comparison is shown 
in Table 2. In each case the prediction 
was based solely on the relative position 
of the two PMGs, and no predictions 
were made for the trials falling between 
the two PMGs. The actual results were 
determined from Fig. 3 (6, p. 59) in 
Gagné and Foster’s article. Each pre- _ 
diction was considered either correct or 
incorrect, and this is shown in Table 2 
by plus and minus signs. As can be 
seen, the predictions based on Gibson’s 
theory are correct seven times and in- 
correct five times. Thus, the theory 
would not seem to be appreciably bet- 
ter than chance. So here, as in the 
other experiments, the results fail to 
provide clear-cut proof that generaliza- 
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TABLE 2 
PREDICTIONS AS TO WHICH OF Two Groups SHOULD SHOW More 


Errors IN EAcu 


Bock OF TRIALS? 





Blocks of Ten Trials 





Comparisons 


1-10 11-20 


21-30 31-40 | 41-50 51-60 


| 





0-trial with 10-trial | 0<10(+) 
0-trial with 30-trial | 0<30(+) 


10-trial with 30-trial | 10<30(—) | 


0<10(+) 


— | 0>10(-)| 0>10(-) 
| 0>30(—)| 0>30(—) 


10>30(+-) | 10>30(+) 


| 0<10(+) | 


| 





* A dash indicates that no prediction can be made. 


tion tendencies increase to a maximum 
and then decrease.® 


PREDICTIONS 


The question of whether or not gen- 
eralization tendencies increase early in 
learning is of some importance in that 
the two points of view result in different 
predictions. In a transfer situation with 
an A—B, A—C paradigm, S is learning 
a set of responses to old stimuli. If, as 
Gibson says, a low level of practice on 
A—B results in an increase in generali- 
zation, then it should follow that nega- 
tive transfer would occur; a little prac- 
tice would be worse than none at all. 
On the other hand, if generalization only 
decreased there should be no negative 
transfer under any conditions, only posi- 
tive transfer increasing as the amount 
of practice of the first task increased. 
Gibson discusses this case in her Propo- 
sition XV, “Learning of Pre-differenti- 
ated Items” (8, p. 222), where she 
points out that positive transfer should 
occur in the learning of well-differenti- 
ated items. 


8 Three other experiments (2, 5, 7) in this 
series of studies varied the degree of first-task 
learning so as to permit a test of the Gibson 
hypothesis. In not one of these three experi- 
ments was there any indication that a low 
level of first-task learning resulted in an in- 
crease in errors on the second task. Actually 
the reverse was generally true; in all three 
experiments the more practice on the first task, 
the fewer the errors that usually occurred 
early in the second-task learning. 


Studies in verbal learning using an 
A—B, A—C paradigm cannot be used 
to test this prediction because the inter- 
list response interference may obscure 
any effects due to predifferentiation. 
However, the so-called “stimulus pre- 
differentiation” studies (1, 14) would 
appear to provide an ideal test for these 
predictions. The typical predifferentia- 
tion study uses an A—B, A—C para- 
digm with a relatively high level of 
intralist stimulus similarity, thus maxi- 
mizing the possibilities for reduction of 
generalization tendencies. Low _ inter- 
list response similarity is also common, 
and this minimizes the possibilities of 
associative inhibition. Thus, in Task 1 
S may have to learn names for complex 
visual stimuli, while in Task 2 S has to 
learn simple motor discriminative re- 
sponses to the same stimuli (15). Ac- 
cording to Gibson, as degree of Task 
1 learning increases, negative transfer 
should increase to a maximum, then de- 
crease, giving way to positive transfer 
with sufficient practice on Task 1. 

Recently Arnoult has made a survey 
of predifferentiation studies, and con- 
cludes that there is “enough agreement 
in results among various experiments to 
provide generalizable conclusions in two 
broad areas” (1, p. 339). Fortunately, 
one of these two areas is the amount of 
predifferentiation training, and his gen- 
eralization is, “Positive transfer from 
stimulus predifferentiation training may 
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be expected after a minimum of 4 to 8 
pretraining trials and reaches a maxi- 
mum after 8 to 12 pretraining trials” 
(1, p. 341). Further on in the same 
article Arnoult discusses the specific pre- 
diction resulting from Gibson’s hypothe- 
sis, and states (1, p. 344) that there 
is no evidence (‘‘negative results’) for 
negative transfer. Thus, the studies re- 
ported to date give no support to Gib- 
son’s position. On the other hand, they 
are consistent with the viewpoint that 
generalization is greatest at the start of 
learning.* 


SUMMARY 


Gibson has suggested that during the 
course of paired-associate learning gen- 
eralization increases to a maximum and 
then decreases. It is suggested here that 
generalization is maximum at the start 
of paired-associate learning and only 
decreases with practice. Changes in 
generalization cannot be inferred from 
changes in overt errors in the typical 
paired-associate procedure, for omissions 
and intrusions can occur, and these in- 
troduce a systematic bias. - When the 
procedure is such that neither omissions 
nor intrusions can occur, the frequency 
of incorrect responses does provide a 
siutable measure of generalization, and 
under these conditions if learning oc- 
curs generalization can only decrease 
with practice. 

One prediction that results from the 
position presented here is that with an 
A—B, A—C transfer paradigm and low 
interlist response interference, positive 


*Goss (10) incorporates the Gibson concept 
of increase and decrease in generalization into 
his theoretical system, and makes the predic- 
tion that high similarity stimuli will actually 
result in less transfer than stimuli of medium 
similarity. Here too the prediction from Gib- 
son’s theory seems to be wrong; in a recent 
study (15) in which similarity was varied, the 
high-similarity group was the only group 
showing significant positive transfer. 
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transfer should increase as the degree of 
first-task learning increases. Studies of 


stimulus predifferentiation provide an 
appropriate test, and the results of these 
studies appear to support this prediction. 
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TOWARD A UNITARY THEORY OF PERCEPTION 
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University of Helsinki 


Perceptual psychology today inclines 
toward phenomenological terminology. 
It deals chiefly with impressions of ex- 
perienced reality. Recently perception- 
ists have been interested in physio- 
logical correlates of these impressions. 
Because very complicated physiological 
relations underlie even the primary or 
simple perceptual processes, is it not 
natural, then, that psychological termi- 
nology should be tentatively phenome- 
nological? Only consider a few of the 
contents of immediate experience that 
can be easily described in phenomeno- 
logical terms—round, complex, closed, 
threatening, balanced, precise. adaptive 
—which are functionally dependent on 
very complicated underlying structures. 
In the words of Eino Kaila, “Consid- 


ered functionally the Gestalt quality is 


always very complicated: actually it 
can be simply described” (4, 5). Also 
from modern personality psychology one 
can reach the same conclusion. Person- 
ality diagnosticians employ descriptive 
(phenomenological) expressions from 
colloquial speech which often represent 
rich unanalyzable manifolds of func- 
tional relationships. 

The problem of a unified explanation 
of our perceptual world implies a re- 
search program to investigate the con- 
ditions of our impressions of objects. 
Why do we assume a “substance” or a 
“material” as the carrier of perceptual 
thing-quality? The phenomenal object 
gains in reality when the impression is 
multidimensional. The material in ques- 
tion must not only offer itself optically, 
but also preferably tangibly. We adopt 
in this respect the classical reality cri- 
teria of St. Thomas. By means of multi- 


dimensional analysis we can, in my 


3 


5 


opinion, also achieve scientific progress. 
However phenomenological the termi- 
nology, we can probably discern cer- 
tain systems of relations by means of 
an analysis of our coordinated sensa- 
tions, thus avoiding the diffuse impres- 
sion of ‘‘substance.” When proceeding 
to map these systems of configurations 
in terms of quantitative relations, the 
science of psychology can make progress 
towards becoming a natural science. 

In my opinion, the most important 
contribution to this problem was made 
by David Katz in The Modes of Ap- 
pearance of Colours and Their Depend- 
ence on Individual Experience, 1911, 
later revised as The World of Colour, 
1930 (7, 8). When he described the 
phenomena of “surface color,” “film 
color,” and “space color,’ he could not 
guess how important these ventures 
would later prove to be for psychologi- 
cal theory. When he referred to the 
meaning of the reduction-screen and 
formulated his principle of “‘field-size,” 
he implied a setting rich in the rela- 
tional theory of explanation, to which 
we today are indebted for the possi- 
bility of intermodal theory. We must 
give Katz the credit he deserves when 
he maintains, in his Gestalt Psychology 
(9), that we previously were concerned 
too exclusively about the psychology of 
the visual sense. Probably there is for 
this preference a perceptual-psychologi- 
cal explanation. There exists in the 
optical realm the possibility of com- 
bining certain cues for “thingness” with 
more elementary color qualities—for ex- 
ample, microstructure of the surfaces, 
form and size relations, general lighting. 
etc. The perceived colors can, in other 
words, be exclusively related to optical 
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phenomena. The conditions of object- 
perception can consequently be reduced 
by operations not exceeding the optical 
sphere. And vice-versa: one can ob- 
jectify “pure” color sensations without 
leaving the optical modality; one sim- 
ply coordinates them with form impres- 
sions. The leading position of the visual 
sense makes this many-sidedness pos- 
sible. There is no reason why color 
impressions should immediately be re- 
ferred to other modal contents, for opti- 
cal form and space are best adapted to 
“take them over.” 

Similar considerations apply to the 
perceived world of touch. In his Struc- 
ture of the Touch-World (7), Katz de- 
scribes the modes of appearance of tac- 
tual experience. How is this modality 
objectively rendered (objectivized) in 
terms of palpable images? Only men 
with normal visual images (not the 
born-blind) are able to objectivize their 
exclusively tactual impressions. Their 
optically constructed coordinate-system 
is obviously able to supply information 
about simultaneous shape-gestalts in the 
environment. 

Let us consider some examples: 

Surface-touch provides us a_thing- 
impression whatever the position and 
the distance of the touched object. 

Space-filling touch will be directly ex- 
perienced in walking in a strong wind. 
A similar experience is also felt when 
one moves one’s extremities quickly 
through a liquid. These cues hardly 
provide a basis for objectivizing, for a 
definitive object cannot be experienced. 
Therefore one could consider this space- 
filling phenomenon as an analogy of film 
color. 

Space-filling surface quality can bring 
with it objectification, especially as it 
concerns itself with a relatively small 
hard object behind the material in ques- 
tion. The situation cannot be compared 
with the perception of a surface color 
“through” or “behind” colored illumi- 
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nation. The configuration brought out 
by illumination has its counterpart in 
the working of the tactual (kinematic) 
or haptic framework. The movement of 
the hands or of the felt surface yields 
an articulation comparable to the ef- 
fect of illumination in vision. 

The born-blind reach a certain state 
of phenomenal objectivity on the basis 
of their simultaneous haptic and kin- 
esthetic impressions. But, as is well 
known, their tactile-kinesthetic gestalten 
remain only formless and diffused (12). 

The sense of hearing can mediate 
thing-impressions only if the auditory 
stimulation comes combined with optic 
or haptic stimuli simultaneously and is 
localived in the same direction. The 
tendency to identify auditory impres- 
sions with visible things is shown in 
spiritualistic seances when ventriloquist 
mediums create illusions of sounds issu- 
ing from megaphones. In discussing ob- 
jectified noises we find for the first time 
the attempt to deal with circumstances 
that Katz had not discussed in any of 
his works; various stimuli (noise, smell, 
taste, and pain) can be combined to 
yield “thing-characteristics,” but only if 
intermodal qualities are involved. , On 
the other hand, the dimensions of re- 
ality, ¢.g., of “noise-objects,” can be re- 
duced, so that finally only the pure noise 
remains. As is commonly known, such 
“pure sensation” is never found in natu- 
ral surroundings. It can only be ex- 
perienced in laboratories as a result of 
artificial refinement. The objectiva- 
tion of noise depends therefore either 
on optic or tactual stimuli simultaneous 
with the auditory quality. Neverthe- 
less, sounds do have phenomenal qual- 
ity. The tone-colors of different musi- 
cal instruments are evidently not alike. 
The strongest loudness-invariance mani- 
fests itself in those tone qualities that 
are functionally connected with the 
most complex relation-systems, as in the 
case of the human voice (14). 
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Katz’s fruitful idea can also be ap- 
plied to smell, taste, and other types of 
perceptions. I have also distinguished 
phenomenal modes of appearance for 
these modalities. Henning (3) describes 
several objectivizing and resolving proc- 
esses in the sphere of smell! sensation. 
I have postulated floating smell and ob- 
jectified smell as phenomenal modes, and 
correspondingly swelling taste and ob- 
jectified taste impressions. A floating 
smell and a swelling taste can only be- 
come objectified with parallel optic and 
haptic stimuli, respectively. The crux 
of the question is found with warmth, 
cold, and pain perceptions. Warmth 
and cold may remain isolated in float- 
ing or condensed states, or can be ob- 
jectified with simultaneous optic or hap- 
tic impressions. Pricking pain (but not 
other forms of pain) is objectified (1), 
in part, in terms of stimulation pro- 
vided by stabbing instruments (needle, 
knife, etc.) because of the added tactile 


and perhaps also the form component. 
Our phenomenal object-configurations 
are, therefore, for the most part inter- 


modally determined. It is impossible 
for us to imagine a nonintermodal world 
of things. The different modal systems 
do not seem so hermetically sealed from 
each other as was thought in the days 
of J. Miiller. The senses constitute a 
single system. For man, undoubtedly, 
the world of sight is the most impor- 
tant, but surely a purely visual world 
would be an abstraction. Such a thing 
is never found in empirical reality. It 
is, for example, impossible on the basis 
of visual impressions, when the skin is 
anaesthetized, to decide when and at 
what point the surface of the body 
becomes excited above the threshold. 
However, the perception of one’s bodily 
orientation in a dimly lit room is a 
function of a visual ideational structure. 

But there are also cases where the 
haptic and vestibular controls of the op- 
tical organization are in conflict. Only 
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harmony between the input systems in 
question can restore the equilibrium of 
the perceptual field. Evidently these 
optic and haptic components possess 
special integrative functions for the 
“real” gestalts. The reality-impression 
of objects, their material and substan- 
tial character, is probably grounded in 
the repeated anchoring of phenomenal 
objects. These “moorings” arise from 
the coordination of the perceptions with 
basic optic and haptic elements, that is 
to say, from the process of objectivizing. 
“Rigid objects” seem to depend on co- 
operation of the visual and auditory 
senses. It seems evident that no gestalt 
occurs on the basis of taste, smell, vi- 
bration, warmth, cold, or pain impres- 
sions. Acoustic impressions can pass 
over into gestalten, but the time factor 
is then an organizing element. Tempo- 
ral organization yields a dynamic, suc- 
cessive gestalt. In this, the ‘“cortical- 
ized level” of the auditory sense plays a 
decisive role. Smell and taste do not 
have “melodies” because of the impos- 
sibility of object-gestalten at this level. 

From the foregoing we can conclude 
that organized perception (that is to 
say, at the cortical stage) is really a 
system of relationships. Evidently we 
react to certain relations in which we— 
phenomenally speaking—experience con- 
tents. In this concrete relational envi- 
ronment there exist, to be sure, various 
specific stimuli. They exert their influ- 
ence on our afferent nerves. That is the 
physiological side of the perceptual proc- 
ess. The psychological side of the proc- 
ess implies that the organism reacts as 
a whole to a relational system of stimu- 
lus-effects. These relational systems are 
almost unsurveyable in their complexity, 
e.g., with respect to the functional foun- 
dations of a perceptual object. Until 
recently we have been able to analyze 
quantitatively these complex wholes 
only with respect to some details of 
their appearance. Every stimulus is, to 
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paraphrase Metzger, a stimulus-system, 
besides having its specific function. It 
also merges with the whole stimulus-sys- 
tem in its totality (11). From this fact 
it follows that we get firmer and more 
exact perceptual achievements, the more 
the sporadic stimulus-components con- 
” currently connect themselves to a frame- 
work. In this sense the well known 
facts of phenomenal object-constancy 
(size, form, and color constancy) de- 
pend on a richly organized pattern of 
stimulus-relationships. 

We have already mentioned Katz’s 
statement about “field-size.”” The ob- 
ject-color seems the more “retinal,” i.e., 
more nearly pure film color, the smaller 
the field in which it is presented. Katz 
could thus establish that the color con- 
stancy of perceived objects under sev- 
eral colored illuminations increases as 
the field of view either is enlarged or 
seems to be enlarged. Metzger has 
shown convincingly that these findings 
do not depend on the limitation of the 
field of vision. The opportunity to 
freely look around is, of course, impor- 
tant, since better possibilities of sepa- 
rate analyses of the constant chromatic 
components of the illumination are then 
at hand. Free observation with moving 
eyes affords the perception of numerous 
“systematic stimuli.” But the impover-’ 
ishment of this clue can also be ob- 
tained by kinds of reduction other than 
by cutting down the field of vision. 
Metzger’s beautiful experiments with the 
homogeneous total field show that we 
can give to the field of vision any size 
without obtaining thing-constancy (10). 
The articulation of the stimulus-field is 
decisive. Minimal articulation can also 
be a consequence of too weak an illumi- 
nation. In this way “reduction” of 
color can be brought about. 

When we say that Katz is right, we 
must comprehend generally the validity 
of what he has formulated. It is valid 
for more than vision only. The con- 
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cept of “reduction” is applicable to all 
senses for which objective patterning 
exists. The effect of the visual “reduc- 
tion-screen”’ is really only a special case. 
We meet everywhere in all stimulus 
situations invariant perceptual objects, 
previously encountered and _ formed. 
And, analogously, we always find a de- 
clining degree of invariance when the 
reciprocity of the concomitant stimuli is 
reduced by any method. We must not 
think that this reduction can be ob- 
tained by identical technical means in 
all the different sense-spheres. The 
multiple stimuli for vision are obtained 
by the scope of the field of view or by 
the illumination of the field of view. 
For haptics, it is through the kinesthetic 
sense, for instance, the finger tips. For 
the invariance experiments in olfactory 
and gustatory perception, a reduction 
can only be obtained by reducing the 
possibilities of objectivation (through 
gradual elimination of vision and touch). 
The meaning of “articulation stages” 
can be very beautifully clarified by ex- 
periments on loudness-constancy with 
changing distance. The human voice is 
the most constant and least variable 
sound, while a buzzer-sound has the 
lowest invariance level (14). 

We now leave this train of thought 
and occupy ourselves with some related 
points of view. To be perceived, ob- 
jects must produce spatial location. The 
reaction to the “relational system” that 
has been indicated above predicts that 
we move into our perceptual products in 
certain invariant coordinations. The de- 
velopment of the subjective coordinate 
system belongs among the most inter- 
esting chapters of the psychology of 
perception. The whole field of percep- 
tion possesses the same validities as we 
have established through the “unique 
thing.” A “bare object” represents a 
peculiar if not limited relational sys- 
tem. The localization of the perceptual 
objects occurs in connection with the 
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three orthogonally constructed interact- 
ing planes, the vertical, horizontal, and 
sagittal. The medium line of the per- 
ceptual frames is assigned to these co- 
ordinations with amazing accuracy. The 
phenomenal local signs, “right,” “left,” 
“before,” “behind,” etc., apply to this 
system. The picture which we experi- 
ence to our right remains “the same” 
when we turn our eyes and locate it to 
“the left.” By so doing, we have joined 
the time dimension to the coordinate 
system. The example of the picture 
demonstrates the invariance of the ob- 
ject in time. 

Once more: Because the precise and 
clearly experienced external world sup- 
poses a mediating relational system in 
organized detail, its concreteness and 
stability are completely lost if we ex- 
perimentally reduce the optical-acousti- 
cal-haptical stimulus pattern to a mini- 
In experiments with movement 
(13) such loss can be 
demonstrated. If the subject, for in- 
stance, is told to estimate the speed of 
an evenly illuminated paper square 
which moves sideways with uniform 
speed in the frontal plane, one thereby 
finds considerable variance between the 
successive estimations when the experi- 
ment is carried out in a completely dark 
and “reference-poor’ environment for 
the motion. If more richly organized 
reference-criteria are admitted (normal 
daylight, “passing things,” structured 
background, and the like), one immedi- 
ately judges with greater accuracy and 
with decrease in the variance of the ob- 
servations. The largest overestimations 
of the speed are elicited by the most 
reduced configurations. One lone clue, 
a stable light source in a dark room, is 
often enough to bring about a consider- 
able decline in the errors (about 15°%) 
and the variance (about 5°). 

Through another experiment at the 
Psychological Institute of the Univer- 
sity of Helsinki, it was found that the 
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subject succeeded essentially in a “lo- 
calization task” with sound sources in 
a dark room if he could use a “reference 
sound source” which was attached to a 
slightly movable long pole between the 
subject and the “goal.” The subject 
himself could “regulate” this sound- 
source (buzzer). Most effective was 
the ‘“‘acoustical-optical method,”’ where- 
by the pointer was also illuminated 
(14). i 

Of all the phenomena which produce 
a permanence in the frame of the space- 
time-coordinate system, our empirical 
self is probably the most important. 
We notice most distinctly the temporary 
interference and functional crises of the 
percepeual-psychological system in the 
not-too-rare cases where we wake up in 
unknown places, e.g., in darkness. All 
conceivable clues for the perceptual 
function seem to be absent—even the 
possible pressure experiences and kines- 
thetic impressions which are recalled by 
our position in bed. And nevertheless 
self-permanence, which we doubt least, 
shapes the perceptual content—apart 
from some pathological conditions. Ac- 
cording to Gadelius (2), the empirical 
self will, through this temporal invari- 
ance, be constituted as a perception 
phenomenon with the perceptual com- 
ponents of the body-image. It is one 
of the highest acquisitions of percep- 
tion. Psychology has doubtless shown 
that the invariance of the self-experi- 
ence depends on conditions similar to 
the conditions responsible for the per- 
ception of objects. Kaila observes in 
this connection: 


The so-called “phantom limbs” of the am- 
putated part of the body show what tenacious 
constancy and hallucinatory intensity this 
body-scheme has: a war invalid for instance, 
the one who has lost his leg, is initially ex- 
posed to danger because he experiences hal- 
lucinations of his lost leg, so that when he 
gets up out of bed, for example, he makes a 
step with the non-existing leg (5, p. 164). 
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With the most trivial and common- 
place perceptual systems—the phenome- 
nal objects—as a starting point, we have 
proceeded to the most complex thing 
that a human being is able to perceive 
at all: his empirical self. The main 
conclusion to be drawn from our dis- 
cussion is obvious: It is the stimulus 
pattern as a system of relations, not as 
representing some “substantial stuff,” 
which immediately gives rise to the im- 
pression of a three-dimensional world. 

In summary, I believe the position 
represented here paves the way for 
modern perceptual psychology to arrive 
at functional principles of explanation. 
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